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NUMERICAL  ANALYSIS OF FLOW PROPERTIES ABOUT BLUNT BODIES 

MOVING AT SUPERSONIC  SPEEDS I N  AN EQUILIBRIUM  GAS 

By Harvard Lomax and Mamoru Inouye 

Ames Research  Center 
Moffe t t   F ie ld ,   Cal i f  

SUMMARY 

An inverse method i s  p resen ted   fo r   t he   numer i ca l   ca l cu la t ion  of the   f low 
f i e ld   beh ind   t he  bow shock wave of a blunt-nosed  body  t ravel ing a t  hypersonic 
speeds.   Numerical   d i f f icul t ies   encountered  with  the  inverse  method a r e  
categorized  and  discussed.  Examples  of i n s t a b i l i t i e s   i n t r o d u c e d   b y   p a r t i c u l a r  
combinations  of  analytical  and  numerical  methods  are  presented.  Certain 
techniques  for   suppressing some o f  t h e s e   i n s t a b i l i t i e s   a r e   i l l u s t r a t e d .  A 
one-parameter  family  of shock-wave shapes  has  been  found t o   y i e l d   s p h e r i c a l -  
nosed,  axisyrmnetric  bodies  to a high  degree  cf  accuracy.  Solutions  have  been 
ob ta ined   fo r   pe r f ec t   gases   ove r  a Mach llumber range  from 3 t o  100 f o r   s p e c i f i c  
h e a t   r a t i o s  from 1.1 t o  1.6667 and   fo r  a i r  i n  thermodynamic equi l ibr ium  over  
a speed  range  from 10,900 t o  43,000 f t / s e c   f o r   a l t i t u d e s   f r o m  100,000 t o  
3OO,OOO f e e t .   R e s u l t s   f o r   t h e  shock-wave shape  and  standoff  distance are 
presented for a l l  the  solutions,   and  comparisons  with  other  methods  are made. 
For t h e   r e a l  a i r  results, t a b u l a t i o n s  are presented  for   the  body  data   and 
shock-wave  and s o n i c   l i n e   c o o r d i n a t e s .  Some results f o r   e l l i p s o i d s   a n d  
pa rabo lo ids   a r e   a l so  shown. 

INTRODUCTION 

The numer ica l   ca lcu la t ion   of   the   f low  f ie ld   be tween  the  bow shock wave 
and a blunt-nosed  body  t ravel ing a t  hypersonic  speeds i s  of   considerable  
in te res t ,   bo th   f rom a mathematical  and a phys ica l   po in t  of view. On t h e  
mathematical side, it combines a l l  fo rms   o f   s econd-o rde r   pa r t i a l   d i f f e ren t i a l  
equat ions - hyperbol ic ,   parabol ic ,   and   e l l ip t ic  - coupl ing   the   ana ly t ic   and  
n u m e r i c a l   d i f f i c u l t i e s   a s s o c i a t e d   w i t h   e a c h .  On the   phys i ca l   s ide ,  it pro- 
v ides   i n fo rma t ion   pe r t inen t   t o   t he   ana lys i s   and   des ign   o f   veh ic l e s   en t e r ing  
planetary  atmospheres.   Although many papers   have   dea l t   wi th   the   subjec t ,  
the  understanding  of  both  the  mathematical   and  physical   problem i s  far from 
complete. 

The purposes   of   this   paper  are twofold.  One i s  t o   i s o l a t e  and ca t egor i ze  
some fundamental numerical   problems  associated  with  the  inverse method of 
solution,  and,  where  possible,   to  present  techniques  which  help overcome t h e s e  
problems. The o t h e r  i s  t o   p r e s e n t  some results of t h e   a p p l i c a t i o n  of t h e  
inverse method t o   t h e   c a l c u l a t i o n   o f   t h e   f l o w  f i e l d  around  blunt-nosed 
axisymmetric  bodies.  The r eade r  who i s  conce rned   w i th   j u s t   t h i s   a spec t  of t h e  



problem may b e g i n   w i t h   t h e   s e c t i o n   e n t i t l e d   R e l a t i n g   t h e  Shock  and Body 
Shapes.  Included i n   t h e   s u c c e e d i n g   s e c t i o n s   a r e  some comparisons  with  other 
theories  and  experiments  and a comprehens ive   t abula t ion   of   so lu t ions   for  
sphe r i ca l   noses   i n  a i r  i n  thermodynamic  equilibrium. 

SYMBOLS 

shock-wave  shape  parameter ( see eq . (21) ) 

speed  of sound 

body  bluntness   parameter   (see  eq.  (20))  

e r r o r   i n   l o c a l   t o t a l   e n t h a l p y   r e l a t i v e   t o   f r e e - s t r e a m   t o t a l  
en tha lpy  

en tha lpy  

Mach number 

s t ream  funct ion,   zero on  body 

p res su re  

rad ius   o f   curva ture   o f   the   body  for   y  = 0 

radius   of   curvature   of   the   shock wave f o r   y  = 0 

entropy 

transformed  and  sheared  coordinates 

temperature 

shock-wave s lope  for   shock  point  on f i e l d   d a t a   l i n e  

v e l o c i t y  components i n   x , y   d i r e c t i o n s  

v e l o c i t y  

cy l ind r i ca l   coo rd ina te s   w i th   o r ig in  a t  s t agna t ion   po in t  on body 
and  normalized  by FQ, 

shock-wave  shape 

Car tes ian   coord ina tes   for  6 = 0 and   cy l ind r i ca l   coo rd ina te s   fo r  
E = 1 wi th   o r ig in  on shock wave 

r a t i o   o f   s p e c i f i c   h e a t s  o r  isentropic   exponent ,  

shock  standoff  distance 

index   fo r  number of  space  dimensions: 0 for  two-dimensional  f low, 

P 

1 for  axisymmetric  f low 

2 A- 781 



IJ. Mach angle 

p d e n s i t y  

PO 
re fe rence   dens i ty ,  0.002498 slug/ft3 

T t ime 

cp angle   subtended  by  c i rcular   arc   measured  f rom  s tagnat ion  point ,   radians 

Subsc r ip t s  

03 free-stream  conditions 

s t  s t agna t ion   po in t  on body 

PIATHEMATICAL FORMULATION 

Basic  Assumptions  and  Considerations 

The physical   problem  to   be  considered i s  t h a t   o f  a b l u n t  body t r a v e l i n g  
i n  a homogeneous gas With known thermodynamic p r o p e r t i e s .   I n   t h i s   r e p o r t   t h e  
s tudy i s  conf ined   t o   t he   e f f ec t s  on the  gas   behind  the bow shock wave and i n  
the   v i c in i ty   o f   t he   subson ic   r eg ion  
near   the  forward  port   ion of  the  nose,  Y 

as shxm i n   f i g u r e  1. A s o l u t i o n  i s  
sough t   t ha t   ex t ends   su f f i c i en t ly  P a r  
in to   the   supersonic   reg ion   to   p rovide  
i n i t i a l   c o n d i t i o n s   f o r  a continuing 
ana lys i s   by   t he  method of   charac te r -  
i s t i c s .   S t e a d y   i n v i s c i d   f l o w  i s  
assumed such   t ha t   t he   e f f ec t s   o f   v i s -  
cos i ty ,   hea t   conduct ion ,   and   rad ia t ion  
are assumed n e g l i g i b l e .  No h e a t  or 
mass a d d i t i o n  i s  permit ted,   and  the 
gas  i s  assumed t o  b e   i n  thermodynamic 
equi l ibr ium  such   tha t   en t ropy  i s  con- 
s tant   a long  s t reamlines ,   provided no 
shocks  are   crossed.  The bod ies   t o   be  
considered are e i t h e r   p l a n e  or axi- 
symmetric  and a t  zero  angle  of a t t a c k .  

A f i n a l  remark i s  made with  regard 
to   the  mathematical   d iscussion  which I I I I I&- rn 

follows. It i s  assumed a t  t h e   o u t s e t  + A +  x.s 

t h a t   t h e   c a l c u l a t i o n s  w i l l  be   ca r r i ed  
ou t   numer i ca l ly   by   d i f f e rence ,   r a the r  Figure 1.- Sketch of flow f i e ld   a round  

t han   d i f f e ren t i a l ,   equa t ions   and ,  fur- blunt-nosed body and coordinate  system. 

t he r ,   t ha t   t hese   computa t ions  w i l l  be 

3 
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performed on a d ig i t a l   compute r .  Use o f   f i n i t e   d i f f e r e n c e  schemes 
n e c e s s i t a t e s  some cons idera t ion  of  the  convergence  and  s tabi l i ty  of  t h e  
methods  employed,  and the   e f f i c i en t   u se   o f  a d i g i t a l  computer   necessi ta tes  
t h a t  some considerat ion  be  given  to   numerical   procedures   that   minimize  both 
machine memory requirements  and  operation time. Both of  these   cons idera t ions  
w i l l  be   involved   in   the   fo l lowing   d i scuss ions .  

Thermodynamic Proper t ies   o f   the  Ga,s 

The gas   i n  which t h e  body i s  t ra ,vel ing  can  be  in   any  s ta te   of   molecular  
exci ta t ion,   provided it is in thernodynanlic  equilibrium. The t reatment  01' 
such a gas ,   in   ca , lcu la t ing  i t s  flow  about a body,  poses two numerical  prob- 
lems. The f i r s t  of   these i s  well recognized  and  cer ta inly  the most d i f f i c u l t .  
It i s  the  problem  of  calcula,ting a l l  t h e  state proper t ies   o f  a gas  given  any 
two p r o p e r t i e s .  We cons ider   th i s   p roblem  to   be   so lved;   tha t  i s ,  formulas   for  
the   equi l ibr ium  s ta te   o f   the   gas   over   the   des i red   range   of   var iab les   a re  
assumed t o  be a v a i l a b l e .  

The t a sk   o f   exp res s ing   t he  thermodyl?amic p r o p e r t i e s   i n  a form t h a t  a 
d i g i t a l  computer  can  use e f f i c i e n t l y   l e a d s   t o   t h e  second  numerical  problem. 
Clear ly ,   the   en t i re   ca lcu la t ions   under taken   to   p roduce  a tabula ted   va lue   in  
reference 1, f o r  example,  cannot  be  repeated  each time a thermodynamic 
r e l a t i o n s h i p  i s  des i r ed .  Some form  of  numerical  approximation  must  be 
employed t h a t   r e q u i r e s  a reasona,bly s n m l l  amount of  machine time and s t i l l  i s  
su f f i c i en t ly   accu ra t e .   Th i s  i s  not  a t r i v i a l  problem.  Aside  from  the 
obvious  necessi ty   of   accuracy i s  the  quest ion  of   consis tency or con t inu i ty .  
If t h e  ga,s p rope r t i e s   a r e   app rox ima ted   by   d i f f e ren t   equa t ions   ( e .g . ,   po ly -  
nomia ls )   over   d i f fe ren t   reg ions ,   care  must  be t aken   t ha t   a long   l i nes   j o in ing  
the   reg ions ,   the   gas   p roper t ies   a , re   cons is ten t .   Discont inui t ies   in   the  
thermodynamic c a l c u l a t i o n s   c a n   l e a d   t o   s e r i o u s   d i f f i c u l t i e s   s i n c e   t h e   f i n i t e  
d i f f e rence  methods  subsequently  employed  are  unstable. 

Severa l   approaches   to   th i s   p roblem  have   been   t r ied .  One i s  t o   r e t u r n  
to   phys ica l   cons idera t ions   and   to   deve lop  a nmthematical ly   s implif ied model 
f o r   t h e   g a s .  A good  example o f   t h i s  method i s  demonstrated  in   reference 2 .  
Another  a,pproach i s  to   deve lop  a b i v a r i a n t   i n t e r p o l a t i o n   p r o c e d u r e   t h a t  
provides   accurate ,   cont inuous  data   over  a range  l imited  only  by  the  numerical  
t ab les   p rovided .  The l a t t e r  method w a s  u sed   i n   t h i s   r epor t   and  i s  discussed 
b r i e f ly   be low.  

Machine requirements.-  The thermodynamic p r o p e r t i e s   f o r  a i r  were taken 
from  references 1 and 3 ,  t h e  l a t t e r  being  used  for  the  speed  of  sound. The 
data   cover  a temperature  range  from 1800 t o  27,000' R, a. density  range  from 

t o  lo2 times sea- level   densi ty ,   and a pressure  range  of lop6 t o  lo4 
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atmospheres as shown i n   f i g u r e  2 .  28,000- 1 10-6 10-4 10-2 100 102 

Since   t he   da t a   t abu la t ed   i n   r e f e rence  1 
have a lower  temperature- limit of 24,000 - 
3,6000 R, the   dashed  port ions of  t h e  
curves dopm t o  180' R i n   f i g u r e  2 were 
obta ined   by   us ing   da ta   p resented   in  
re ference  4 .  I n i t i a l l y ,   o v e r  ~O,OOO 
t abula ted   va lues  were s t o r e d   i n  machine 
memory, but   the   use o f  more r e f ined  
in t e rpo la t ion  methods ( s e e   r e f .  5) 12,000 - 
reduced   the   s torage   requi rements   to  
about 2,200 va lues .  A t  p r e sen t   t he  8,000 - 
e n t i r e  ( F O R T W )  subprogram,  both data 
and log ic ,   requi red  to c a l c u l a t e   i n  air  
the  speed of  sound,  enthalpy,  temper- 
ature,  and  entropy for given  pressure ,; &,' A I I 

and  densi ty  or pressure  and  entropy, i s  
l e s s   t h a n  4,000  words.  Estimates of p,otm 

the   requi red   opera t iona l   t imes1   a re  
g iven   in   the   fo l lowing   tab le :  

Given  Find Gas ty-pe m i l l i s e c  

Po 

20,000 - 

16,000 - 
T."R I 

From ref I 

4 4,000 - 

I i  I 

10-6 10-4 10 -2  100 1 0 2  lo4 106 

,/ From ref 4 

0" 

Time ,  Figure 2.- Temperature  and  pressure ranges 
of   t ab l e   fo r  thermodynamic p rupe r t i e s  
of  a i r  i n  equi l ibr ium. 

PYP a Re a1 3.4 

P,S a,h,p,T Real 13.8 
PYS a , l i ,p ,T  Pe r fec t  2 .o 
P J P  a , h Y S , T  Real 5 - 3  

Accuracy.- Estimates of  the  accuracy of the interpolat ion  procedure were 
obtained  by  using the compacted   . in te rpola t ion   tab les   in   the   f ina l   rea l -gas  
program t o   r e c a l c u l a t e  the o r i g i n a l  data. Given the   p re s su re  and  density,  
the  speed  of  sound,  enthalpy,  entropy,  and  temperature  were  calculated.  The 
difference  between  the  calculated  value  and  the  or iginal   tabulat ion  (none  of  
t he   o r ig ina l   da t a   appea r s   i n  the tables used f o r  i n t e rpo la t ion )   g ives  a 
measure o f  t he   accu racy   t o  which the   gas   p rope r t i e s  are represented.  The 
numbers shown in   the   fo l lowing   tab le   a re   the   percentages  of  i n t e rpo la t ed  
po in t s  with e r r o r s   g r e a t e r   t h a n  the  given  value.  Of the 2624  comparisons 

0 - 5  1 2 3 4 5 10 
Error percent  percent  percent  percent  percent  percent  percent  
a 1 3  -15 4.63 1 . 2 0  0.45 0.17 0.08 0 
h 5 .Ob .45 0 0 0 0 0 
S .21 0 0 0 0 0 0 
T 0 0 0 0 0 0 0 

made fo r   each   va r i ab le ,  none w a s  i n   e r r o r   b y  more than  2 percent   except   for  
the  speed of sound. About 5 percent  of the   ca lcu la ted   va lues   for   the   speed  
of sound disagreed  with the tabulated  ones  by more than  1 percent .   This   d i s -  
agreement  occurred  in  the  very  high  temperature  and  low  density  region where 

%he a c t u a l   c a l c u l a t i o n s  were performed on an IBM 7090 which has average 
addi t ion   and   mul t ip l ica t ion  times of 1 4  and  25  microseconds,  respectively, 
and a cycle  time  of  2.18  microseconds. 
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t h e   b a s i c   d a t a  i t se l f  disagrees   with more r ecen t   ca l cu la t ions  ( r e f .  6 ) .  It 
should  be  pointed  out   that   the   thermodynamic  contr ibut ions  to   the  blunt-body 
calculat ions  presented  in   the  fol lowing  sect ions  depend,   except   for   crossing 
t h e   s h o c k ,   e n t i r e l y  on the   re la t ion   be tween  the   speed  of sound,  density,  and 
p res su re .  The so lu t ions   repor ted   here in   a re   based   on  a g a s   t h a t   d i f f e r s  from 
argon-free a i r  genera l ly   by  less than 1 percent ,   bu t   can ,   in  some reg ions ,  
d i f f e r   b y  as much as 3 percent .  

Consistency.- Most i n t e r p o l a t i o n  schemes  constructed  for two o r  more 
independent  variables make use of  only a small number o f   t h e   t o t a l  number of 
e n t r i e s   t o   c a l c u l a t e   a n y   g i v e n   p o i n t .   T h i s  means t h a t   c e r t a i n   l i n e s   o r  
planes exis t ,  on e i t h e r   s i d e   o f  which d i f f e r e n t   s e t s   o f   e n t r i e s   a r e   u s e d   f o r  
the   in te rpola t ion .   Cons ider ,   fo r   example ,   f igure  3.  Suppose a nine-point 

i n t e r p o l a t i o n  method uses columns 2, 

culate   values   of   the   dependent   var ia-  
b l e s   i n   t h e   r e g i o n  ABFE and, t o   a v o i d  

5 with rows 2,  3, and 4 t o   c a l c u l a t e  
va lues   i n   t he   r eg ion  BCGF. The ob jec t  

n cont inuous   across   l ine  BF. The method 
chosen to   accompl i sh   t h i s  i s  t o   i n t e r -  
po la t e  f irst  along rows independent  of 
t h e  columns (o r   v i ce   ve r sa )   and   t hen  
t o   i n t e r p o l a t e   t h e  results i n   t h e  

5 3, and 4 and rows 2, 3, and 4 t o   c a l -  

4 extrapolat ion,   uses  columns 3, 4, and 

P 
z 3  i s  t o  make the   i n t e rpo la t ed   quan t i ty  
3 

2 

I 
I 2 3 4 5 6 remaining  direct ion,  making sure t h e  

Column number interpolat ion  formula  a lways  exact ly  
reproduces   the   cont ro l   po in ts .   In  
t h i s  way,  no matter which set  of 

column 3 a c t u a l l y   a f f e c t   t h e   v a l u e   o f  
t he   func t ion  on BF. If we imagine 

t h a t   p o i n t s   i n   t h e  mesh r ep resen t   t he   l oca t ions   o f   po le s   o f   va ry ing   he igh t s ,  
t h i s  amounts to   placing  pinned  bars   with  cont inuous f irst  and  second  deriva- 
t i v e s  (a s p l i n e  f i t ,  see r e f .  5 )  a c r o s s   t h e   p o l e s   i n  one d i r ec t ion   and   i n t e r -  
po la t ing   be tween  the   bars   in   the   o ther   d i rec t ion .  Such a method d i d   n o t  
con t r ibu te ,  so far as could  be  determined,   to   any  s tabi l i ty   problem  in   the 
numerical   computat ions  presented  in   this   report .  

Figure 3.- Sketch of general  interpolation 
method  used for properties of real  gas. po in t s  i s  used,   only  points   a long 

Field  Equations 

The bas ic   Euler ian   equat ions   represent ing   the   cont inui ty  of mass and 
momentum i n  a p lane   Car tes ian  ( E  = 0) or  axisymmetric ( E  = 1) coordinate  
sys t em  a re   ( t he   subsc r ip t s   r ep resen t ing   d i f f e ren t i a t ion )  

vpy + pvy + upx + pux  + y = 0 F 
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and 
puu, + pvuy + p, = 0 

puv, + p w y  + py = 0 (2b 1 

respect ively.   For  a gas   in   equi l ibr ium, ,   the   p ressure  i s  determined by any 
two  thermodynamic va r i ab le s ,   s ay  

P = P(P,S) 
Then 

DT 

where the   subsc r ip t  now d e n o t e s   t h e   f i x e d   v a l u e   i n   t h e   p a r t i a l   d i f f e r e n t i a -  
t ion ,   and   the  symbol D/DT represents   the   Euler ian   der iva t ive   a long  a 
s t reamline.   Since  the  entropy i s  constant   a long  s t reamlines ,  

p rovides   the   f i f th   equa t ion ,   connec t ing   the   f ive  unlmowns p, p, u, v, and a .  
Equations (1) through (4 )  a re   conver ted   to   f in i te   d i f fe rence   equat ions   and  
solved  numerically.  A discussion  of  t h i s  procedure i s  given in t h e  sec t ion  
on numerical   analysis .  

Coordinate  Transformation 

The complex i ty   i n   t he   de t a i l s   o f  programming d i f fe rence   equat ions   wi th  
more than  one  independent   var iable   depends  cr i t ical ly  on the  boundary con- 
d i t ions ,   no t   on ly  as t o  what t hey  are, b u t   a l s o  as t o  how t h e y   a r e   t r e a t e d .  
The algebraic   complexi ty   of   the   equat ions i s  r e l a t ive ly   un impor t an t .  For 
th i s   reason   the   govern ing   equat ions  are usua l ly   t ransformed  to  a coordinate  
sys tem  su i tab le   for   the   s imples t   appl ica t ion  of the boundary  values. 

Let   us   introduce  the  fol lowing  t ransformations:  

s = S ( X , Y )  

t = t h y )  I ( 5 )  
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and 
x = x ( t , s )  1 
Y = y ( t , s )  J 

then 

" 3 -  3 3 s, - + t, - 
3 X  S S  3t 

a 2 3 
" 

3Y as 3 t  
- s  - + t  - 

and,   us ing   the   def in i t ions  

and 

where 

[ A I  = 

8 



and 

For prac t ica l   purposes  , tile  trarlsformatisns (> )  arid (5) must be in a forrii 
t h a t  a m c h i n e   c a n   r e a d i l y   t r a n s l a t e ,   o r   t h e i r   u s e f u l n e s s  i s  lost. In OUT 

present   appl ica t ions   they   a re   s imple  enough f o r   s t r a i g h t f o r w a r d   a n a l y t i c a l  
i nve r s ion .  

Boundary  Conditions 

B l ~ n t  bodies in a superscJnic i'low have   rece ived   cons iderable   a t ten t ion  
from a number of  au tho r s   ( s ee ,  e .Q . , r e f s .  7-17) . Tlle various  approaches t o  
the  problem  can  be  categorized i ~ l t ~ ~  twa grc~ups . In one,   the   direct   problem, 
the loca t ion   o f   t he  body i s  spec i f i ed ,   t oge the r   w i th   t he   cond i t ion   t ha t   t he  
Rankine-Hugoniot  equations  be  satisfied  across some upstream  shock  of unknown 
l o c a t i o n .  In the   o ther ,   the   inverse   p roblem,   the   loca t ion  o f  the  shock  and 
the   cond i t ions   fo r   c ros s ing  it are  both  given  and  whatever body results i s  
found as p a r t   o f   t h e   s o l u t i o n .  The d i rec t   p roblem i s  generally  approached  by 
means of a method  of in tegra l   re la t ions   deve loped   by   Dorodni tzn  ( r e f .  18) and 
adap ted   by   Be lo t se rkovsk i i   t o   t he   pa r t i cu la r   ca se   o f   t he   b lun t  body ( refs .  10 
and 11). The inverse  problem was so lved   success fu l ly   by   s eve ra l   o the r s  
(see r e f .  19) who found  that   sui table   numerical   methods would y i e l d  suffi- 
c i e n t l y   a c c u r a t e  results even  though  such  methods  have  regions  of  numerical 
i n s t a b i l i t y .  

The a n a l y s i s   p r e s e n t e d   i n   t h i s   r e p o r t  i s  concerned   en t i re ly   wi th   the  
inverse  problem.  In   the  opinion of t h e   a u t h o r s ,  however, n e i t h e r  method i s  
s u p e r i o r   t o   t h e   o t h e r  as a completely  general   approach,   both  having  their  
merits and   de f i c i enc ie s .  It i s  g r a t i f y i n g   t h a t ,  where  comparisons  can be 
made, b o t h   g i v e   i d e n t i c a l  results to   the   degree   o f   accuracy   c la imed (see t h e  
s e c t i o n  on Results and  Discussion).  



NUMERICAL ANALYSIS 

Difference  Equations 

The coord ina te   sys t em  chosen   fo r   t he   so lu t ions   g iven   i n   t h i s   r epor t  i s  
shown i n   f i g u r e  1. It i s  i d e n t i c a l   t o   t h a t   u s e d   b y  Fuller in   re fe rence  14. 
One se t   o f   coo rd ina te s  i s  p a r a l l e l   t o  the f r ee - s t r eam  d i r ec t ion .  The a x i s  of  
t h e   o t h e r   s e t  i s  the   shock   i t s e l f ,   and   t he   coord ina te s   a r e   t hose   l i nes  
obtained  by a uniform  displacement  of the  shock in   t he   f r ee - s t r eam  d i r ec t ion .  
Thus, i f  the   equat ion  of  the  shock i s  

x = X ( Y )  

then we can  ass ign  coordinates   such  that  

s = x - x ( y )  

t = y  

and 

x = s + X ( t )  I 
y = t  1 

rep lace   equat ions  ( 3 )  and (6), and  equations (7)  become 

F2 = v 

This  coordinate  system i s  obvious ly   convenient   for   s ta r t ing   the   inverse  
problem  although  not optimum for  studying  body  shapes.  The coord ina tes   a re  
e q u a l l y   s p a c e d   i n   b o t h   d i r e c t i o n s ,   a n d   t h e i r   i n t e r s e c t i o n s   d e f i n e   t h e   p o i n t s  
f o r   t h e   d i f f e r e n c e  mesh. 

The numer ica l   ca lcu la t ions   a re   d iv ided   in to  two p a r t s .   F i r s t   t h e  
de r iva t ives   p t ,  pt ,  u t ,   and   v t   a r e   ca l cu la t ed   numer i ca l ly   fo r   t he  known 
values   of   p ,  p, u,  and v along a t coord ina te .  Only t h e   f i r s t   d e r i v a t i v e s  
are needed,2  and  they  are  determined  by a s tandard   f ive-poin t   cen t ra l  
difference  method.  (The  numbers a r e  f i r s t  "smoothed"  along  the t coordi- 
n a t e  - see t h e   s e c t i o n  on Stab i l i ty   and   Divergence . )  The s a x i s  i s  a plane 
of  symmetry,  and t h e   d a t a  a t  the  upper  end  of a t coord ina te   a r e   d i f f e ren -  
t i a t e d   b y  a skewed five-point  difference  scheme.  This  information i s  used t o  
advance   the   so lu t ion   in   the  s d i r e c t i o n   b y  a predic tor -cor rec tor   t echnique .  

2 
On t h e   a x i s  where t = 0, it i s  n e c e s s a r y   t o   c a l c u l a t e   p t t   a l s o .  

10 



Consider, for example, t h a t   t h e   p r e s s u r e  p has   been  calculated  or  is given 
a t  a l l  poin ts   a long   the  t coord ina tes   for  which s = (i - l)& and 
s = i&. We proceed t o   f i n d  p a t  p o i n t s   f o r  which s = (i + 1)As by  the  
fol lowing  s teps .  (The s o l u t i o n  w a s  s t a r t e d   b y  a f i r s t - o r d e r   p r e d i c t o r  
followed  by two c o r r e c t o r s . )  

Step 
Given  from 

previous  s tep 1 

Firs t  
c o r r e c t o r  

Second 
cor rec tor  

3 

I 
4 

5 

6 

7 

P r e d i c t o r   f o r  
next   s tep 

I n   t h i s   p r o c e s s   f ( p i ,  

Numerical ly   different ia te   a long t giving 

P t  

p t i ,  pi,  pti , . . . ) i s  the  funct ion  obtained by 

so lv ing   fo r   t he   ma t r ix  [ B ]  i n   equa t ion  (8 ) .  
- 

Convergence 

The question  of  convergence i s  gene ra l ly   cons ide red   i n  two p a r t s .  
F i r s t ,  as the  mesh s i z e  i s  reduced, do the   d i f fe rence   equat ions   converge   to  
the   d i f f e ren t i a l   equa t ions ;  and  second,  assuming  they  do,  does  the  calcula- 
t ion  procedure  i tself   converge  throughout   the  region  of   appl icat ion? The 
complexity  of  the  governing  equations makes the   answer   to   these   ques t ions  
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impossible  from a purely  mathematical   approach. We are more fo r tuna te ,  
however, when v iewing   the   s i tua t ion   f rom  the   phys ica l   s ide .   Wi th   regard   to  
t h e  f irst  quest ion,  i f  t he   d i f f e rence   equa t ions  do not  reduce t o  t he   spec i f i ed  
d i f f e r e n t i a l   e q u a t i o n s ,   t h e n   t h e y  must  reduce t o  some set  o f   d i f f e r e n t i a l  
equat ions which v i o l a t e  one o r  more of   the  conservat ion laws. But t h e r e   a r e  
independent  checks  of  whether  or  not  these laws have  been  violated.  For 
example,  the  body  surface i s  l o c a t e d  by the  condi t ion  of  mass conservation 
and i f  momentum or   energy i s  not  conserved  (which  amounts t o   add ing   o r  
absorbing  heat)   the   entropy  and  total   enthalpy  calculated a t  the  body l o c a t i o n  
would not   be  constant .   These  condi t ions were  checked,  and f o r   t h e   s o l u t i o n s  
presented,   entropy was cons t an t   ( t o  an accuracy  consis tent   with  the  calcula-  
t ions)   a long   s t reaml ines ,   and   the   to ta l   en tha . lpy  was constant   throughout   the 
flow.  These  are  independent  checks  since  entropy  and  enthalpy are not  used 
i n   c a l c u l a t i n g   t h e   f l o w   f i e l d .  They al low us t o  be   reasonably   cer ta in   tha t  
t h e   r e s u l t s   o f   t h e   f i n i t e   d i f f e r e n c e  methods  employed  do co r rec t ly   r ep resen t  
so lu t ions   t o   equa t ions  (1) through ( 4 ) .  

We t rea t  the   answer   to   the   second  ques t ion ,   tha t  i s ,  whether   o r   no t   the  
calculat ion  procedure  i tself   converges,   by  the  fol lowing  argument .  If t h e  
c a l c u l a t i o n s   g i v e   a n s w e r s   t h a t  are phys ica l ly   cons is ten t   (e   .g  ., s a t i s f y   t h e  
conditions  mentioned  above)  and  are  not  significantly  affected  by  change  in 
mesh s i z e ,  we assume they  have  converged  and  represent a correct   answer.  
Procedures   tha t   d - iverge   a re   d i scussed   in   the   next   sec t ion .  

S t a b i l i t y  a,nd Divergence 

We seek   to   s tudy   the   f low  proper t ies   behind  a prescr ibed  shock  given  the 
f low  propert ies   ahead  of  it. MathematicaLly t h i s  amounts t o  the  s tudy  of   an 
i n i t i a l   v a l u e   o r  Cauchy type  problem. If we a r e ,   i n   f a c t ,   s e e k i n g  a s p e c i f i c  
body  shape  behind  the  shock,  then we are   a t tempting,   in   mathematical  terms, 
t o   r e p l a c e  a boundary-value  problem  with  an  init ial-value  problem. The 
d i f f i c u l t i e s   a r i s i n g  from  such  an  attempt  lead  to some of  the  most  fundamental 
problems in   t he   numer i ca l   t r ea tmen t   o f   bo th   pa r t i a l   and   t o t a l   d i f f e ren t i a l  
equa t ions .   D i scuss ions   o f   t hese   d i f f i cu l t i e s  as t h e y   s p e c i f i c a l l y   p e r t a i n   t o  
the  inverse,   blunt-body  problem  have  already  reached  the  textbook  stage  (see,  
e . g . ,   r e f .  19) . We repea t  some of   th i s   d i scuss ion   in   o rd-er   to   deve lop  some 
po in t s  we wish t o   c l a r i f y .  

In   the  s tudy  of   equat ions (1) through ( 4 )  by means of  equations (14), 
numer ica l   i n s t ab i l i t i e s   a r e   ea sy   t o   de t ec t   once   t hey   have   s t a r t ed .  The 
boundary  of   their   onset   separates   regions where t h e   v a r i a b l e s   a r e  a t  least  
phys ica l ly   poss ib le   f rom  reg ions  where they  fluctua,te  beyond a l l  reason 
( n e g a t i v e   p r e s s u r e s ,   d e n s i t i e s ,   e t c  . ) . The complexity  of  the  problem makes 
comple te   mathemt ica l   r igor   in   these   s tud ies   p rac t ica l ly   imposs ib le ,   and   one  
i s  f o r c e d   t o   r e l y  on exper ience   wi th   l inear ized   equat ions   and   fami l ia r i ty   wi th  
the   phys i ca l   p rob lem  fo r   he lp   i n  making the  arguments  plausible.   Neverthe- 
less,  an  attempt i s  made t o   i d e n t i f y  a l l  t h e   d i f f i c u l t i e s   e n c o u n t e r e d   i n   t h i s  
s tudy   wi th   one   o f   the   fo l lowing   ca tegor ies   ( see   re f .  20 f o r  teramology  and 
fur ther   background):  
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1. I n h e r e n t   i n s t a b i l i t i e s  

(a) Due t o  ill condi t ion ing   (nonessent ia l )  

( b )  Due t o   s i n g u l a r i t i e s   ( e s s e n t i a l )  

2 .  I n d u c e d   i n s t a b i l i t i e s  

Consider  the two main ca t egor i e s .   Inhe ren t   i n s t ab i l i t i e s   a r e   b rough t   abou t  
because  the  different ia l   equat ions  themselves   contain  an  unstable   (exponen-  
t i a l l y  growing)   solut ion  in  the direct ion  of   one  independent   var iable   while  
remaining  bounded i n   t h e   o t h e r ,  or because   t he   d i f f e ren t i a l   equa t ions   con ta in  
a s o l u t i o n   t h a t  i s  s i n g u l a r .  Such i n s t a b i l i t i e s   a r e   n o t   c a u s e d   b y   t h e   f i n i t e  
d i f f e renc ing .   Induced   i n s t ab i l i t i e s   a r e   b rough t   abou t   by   t he   pa r t i cu la r  
numerical  techniques  employed, mesh s ize ,   degree   o f   t runca t ion ,   impl ic i t   o r  
e x p l i c i t  methods, e t c  ., and  can  lead  to   implicat ions  qui te   spurious w i t h  
r e g a r d   t o   t r u e   s o l u t i o n s   t o  t h e  p a r t i a l   d i f € e r e n t i a l   e q u a t i o n s .  

Discussion o f  i n h e r e n t   i n s t a b i l i t i e s  .- For convenience,  the two d i f f e r e n t  
kinds  of   inherent   instabi l l t ies   ment ioned  above w i l l  b e   r e f e r r e d   t o  as 
e s s e n t i a l  and  nonessent ia l .  The terminology is ,  perhaps,   not  apt  because 
w h a t  i s  r e f e r r e d   t o  as an   e s sen lAa1   i n s t ab i l i t y  i s  actua,l ly  caused by the  
appearance of a s ingu la r i ty   o r   g roup   o f   s ingu la r i t i e s   i n   t he   f l ow  r eg ion  
between  the  shock  and  body.  These  singularit ies are inva r i an t   t o   coo rd ina te  
transformations  and  represent  the  1oca.t ions  of  sources o r  s inks  tha t  would 
appear   in   an  exact   analyt ic   solut ion  behind  an  analyt ic   shock.   Nevertheless ,  
we r e f e r   t o   t h e   n ~ m e r i c a l   b e h a v i o r   c a u s e d   b y  theln a,s an   i n s t ab i l i t y   because  
of i t s  s imi l a r i t y   i n   appeamnce   t o   o the r   numer i ca l  phenomena which a r e  
ident i f ied-   by  t h a t  term. 

The i m p r t a n t   d i s t i n c t i o n  between  an  essential   and a~ nonessent ia l  
i n s t a . b i l i t y  i s  tllat the l a t t e r  would no t   occw  in   an   exac t   ana ly t i c   so lu t ion .  
Wt1a.t we r e f e r   t o  as n o n e s s e n t i a l   i n s t a b i l i t i e s  are s t a r t e d  by  round-off, 
t runca t ion  or end-of -axray   inaccurac ies   due   en t i re ly   to   the  f a c t  t h a t  nwneri- 
c a l  methods  axe  employed.  In  most  of  the l i terature p e r t a i n i n g   t o  the 
s t a b i l i t y   o f   p a r t i a l   d i f f e r e n t i a l   e q u a t i o n s ,   t h e   s t a t e m e n t  i s  made or implied 
tha t  in i t i a l   va lue   da t a   a r e   a lways   unsu i t ab le   fo r   e l l i p t i c   equa t ions   ( s ee  
r e f .  21). 111 our  terminology it i s  the   ex is tence   o f   nonessent ia l   ins tab i l i -  
t i e s   t h a t   l e a d s   t o  t h i s  conclusion, a conclus ion   tha t  i s  v a l i d  i f  such 
i n s t a b i l i t i e s   c a n n o t  be con t ro l l ed .  

- 

A g r e a t   d e a l  has been  wri t ten on the e f f e c t  and  control  of  (what we have 
def ined as) n o n e s s e n t i a l   i n s t a b i l i t i e s .  So far as the   au thors  know, all of 
t h e   r e p o r t e d   d i s c u s s i o n   a t t e m p t i n g   t o   i d e n t i f y   t h e s e   i n s t a b i l i t i e s   w i t h   t h e  
l o c a l  form  of   the  governing  equat ion  (e l l ipt ic ,   parabol ic ,or   hyperbol ic)  
have   been   l imi t ed   t o   t he   e l l i p t i c   o r   subson ic   r eg ion .   A l though   nonessen t i a l  
i n s t a b i l i t i e s   c o u l d  be de tec t ed   i n   t he   subson ic   po r t ion   o f   t he   f l ow  f i e ld  
i f  t h e   n u m e r i c a l   d i f f e r e n t i a t i o n   i n   t h e  t d i r e c t i o n  w a s  of  very  low  order 
and no smoothing w a s  used, no d i f f i c u l t i e s  were encoun te red   i n   t h i s  area i n  
the   s tud ies   be ing   repor ted .  The r e a l l y   c r i t i c a l   a r e a   f o r   i n s t a b i l i t y  w a s  
l o c a t e d   i n  the  supersonic   port ion of t h e  flow,  roughly  in  the  shaded  region 



Y A  
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Figure 4.- Sketch  of   f low  f ie ld  showing 
c r i t i c a l   r e g i o n  of i n s t a b i l i t y  problems. 

i n   f i g u r e  4. I n   f a c t  , i n   t h i s   r e g i o n  
it w a s  p o s s i b l e   t o   i s o l a t e  all t h r e e  
of  the  major types of i n s t a b i l i t i e s  
l i s t e d   a b o v e .  (We should  mention a t  
t h i s   p o i n t   t h a t   t h e   d i f f i c u l t i e s  
inherent   in   the  asymmetr ic   differen-  
t i a t ion   fo rmulas   u sed  a t  the  upper  end 
of   the   a r rays   o f ten   accentua te   the  
breakdown,  but  they  are  not  the  cause 
o f   a n   i n s t a b i l i t y .  ) 

Mathematical   def ini t ions  and 
implications.-   Consider  the  f low 
behind   the   shock   in   the  area where it 
is supersonic .  A s  we march  inward 
from  one t coord ina te   t o   t he   nex t ,  
we are p e r p e t r a t i n g   a n   i n i t i a l   v a l u e  
problem. L e t  us use  the term proper ly  
set  i n   t h e  usual way; t h a t  i s ,  Cauchy 
data ( func t ion   and   der iva t ive)  are 
proper ly  set  f o r   t h e  wave equat ion 
a long   the  t = 0 a x i s ,  and Neumann o r  
D i r i ch le t   da t a   ( func t ion   o r   de r iva t ive )  
are proper ly  set  fo r   Lap lace I s  equa- 
t i o n .   U s u a l l y ,   s t a b i l i t y   p r o o f s   f o r  
hyperbolic  equations  stem  from  the 
a s sumpt ion   t ha t   i n i t i a l   va lues  o r  

Cauchy d a t a  are proper ly  s e t .  Hadamard ( r e f -  21) pointed  out  (and it i s  well 
known in   s tud ie s   o f   supe r son ic  wing theo ry )   t ha t   acco rd ing   t o  how t h e   l i n e  
c a r r y i n g   t h e   i n i t i a l   d a t a   c r o s s e s   e a c h   c h a r a c t e r i s t i c ,  Cauchy da ta  may o r  may 
not   be  properly se t  f o r  a hyperbol ic   equat ion.  By Hadamard's  terminology, a 
d a t a   l i n e  i s  du ly   i nc l ined  i f  Cauchy d a t a  are proper ly  set ,  and  nonduly 
inc l ined  i f  t h e y   a r e   n o t .  One can   ea s i ly  show t h a t  a shock i s  a nonduly 
inc l ined   su r f ace   i n   t he   r eg ion  where the  f low i s  supersonic  behind it (see 
po in t  A, f i g .  4), and  Cauchy d a t a   a r e ,   t h e r e f o r e ,  nowhere p rope r ly   s e t   a long  
i t .  I n   f a c t ,   t h e  t coord ina te   cont inues   to   be   nonduly   inc l ined   un t i l   the  
upgoing c h a r a c t e r i s t i c s  l i e  t o  i t s  r i g h t  as i s  shown a t  poin t  B i n   f i g u r e  4. 

If we c o n s i d e r   t h e   l i n e a r i z e d  wave e q u a t i o n   f o r   t h e   v e l o c i t y   p o t e n t i a l ,  
cp, in   t he   fo rm 

and admit only bounded d i s tu rbances   i n  a y,z  plane a t  x = x. (see 
f i g .  5 ( a ) ) ,  we have  terms  of  the  form 

c p = e  e e ipy   iyz   a (x-xo)  

where a i s  given by the   express ion  



Such so lu t ions ,  which  stem from duly  
inclined  data  planes,   are  everywhere 
i n h e r e n t l y   s t a b l e   s i n c e  cp a l s o  
remains  bounded i n   t h e  x d i r e c t i o n .  
On the  other   hand,  bounded data   given 
in   t he   x ,y   p l ane  a t  z = zo ( see  
f i g .  ? (b ) )  give  terms of  t h e  form 

where y i s  determined  by  the 
express   ion 

I f  p > a, so lu t ions  for t h i s  nonduly 
inc l ined   da t a   exh ib i t   nonessen t i a l  
i n h e r e n t   i n s t a b i l i t i e s .  

Actually  the  axisymmetric  form of  
t h e   l i n e a r i z e d  wave equation 

1 

has no s o l u t i o n s   t h a t   a r e   i n h e r e n t l y  
uns t ab le ,   r ega rd le s s  of  t h e   i n c l i n a t i o n  
of  t he   da t a   p l ane .  On the  other   hand,  
t h e  wave equat ion 

stable for a11 p and Y 

(a) Bounded d is turbances  i n  y , z  plane 

/ 

unstable  far a < p  

7- Y 

(b) Bounded d i s tu rbances   i n  x,y plane .  

Figure 3 . -  I l l u s t r a t i o n  of s t a b i l i t y  
r e s u l t s  f o r  wave equation, 
'40( - '4y - 'pzz = 0 .  

where  a i s  a cons tan t   g rea te r   than   zero ,  i s  s t a b l e  f o r  nonduly  inclined 
da ta ,and   uns tab le   for   du ly   inc l ined   da ta !  (The two previous   cases   a re  
examples  of l o c a l   o r  "weak" i n s t a b i l i t y   n o t   r e s u l t i n g   i n   o v e r - a l l  o r  "s t rong" 
i n s t a b i l i t y .  ) The p r inc ipa l   po in t   be ing  made here  i s  that  the   nonl inear  
equat ions  governing  the  f low  f ie ld  may h a v e   i n h e r e n t   i n s t a b i l i t i e s   i n   t h e  
supersonic as wel l  as in   t he   subson ic   r eg ions .   In   f ac t  much of the  numerical  
d i scuss ion ,  as wel l  as most of  t he   c r i t i c i sm,   o f   t he   i nve r se  method  concerns 
the   ex is tence   and  manner   o f   t rea tment   o f   the   nonessent ia l   ins tab i l i t i es .  
The argument usually  posed  by  those who use  the  inverse  method is, simply, 
that   the  gas  layer  between  the  shock  and  body i s  t h i n  enough t h a t   t h e   e r r o r s  
caused  by  numerical   calculations  cannot grow s u f f i c i e n t l y   l a r g e   t o   i n v a l i d a t e  
t h e   f i r s t  few s i g n i f i c a n t   f i g u r e s   i n   t h e   r e s u l t s .   I n   t h i s   r e p o r t  we hypothe- 
s i z e   t h a t   t h i s  argument i s  s u f f i c i e n t   t o   v a l i d a t e   t h o s e   c a s e s   f o r  which t h e  
solut ion  passes   the  consis tency  checks on to ta l   en tha lpy   and   en t ropy  
ment ioned   in   the   p rev ious   sec t ion .  



Absolute   re l iance upon the  hypothesis  just   mentioned i s  not  always 
s a t i s f a c t o r y   i n   a p p l i c a t i o n ,   a n d  i s  c e r t a i n l y   n o t   s a t i s f a c t o r y   f r o m  a theo- 
r e t i c a l   p o i n t   o f   v i e w .   B a s i c a l l y ,   t h e   v a l i d i t y   o f   s u c h  a hypothesis  i s  
coupled  with  the word s i z e  (number o f   s i g n i f i c a n t   f i g u r e s   c a r r i e d   i n   e a c h  
a r i thme t i c   ope ra t ion   and   s to red   i n  memory) a v a i l a b l e   i n   t h e  computing  machine. 
It i s  not  always wise t o  demand l a r g e r  computing  capacity  merely  to  push 
ahead a few more s t eps   be fo re   exponen t i a l ly   g rowing   i n s t ab i l i t i e s   s t a r t ed   by  
numerical   t runcat ions swamp t h e  f i r s t  few signii ' icant  f ' igures in t he   ca l cu la -  
t i o n s .  A more sensible   approach i s  t o   f a c e   t h e  problem  with  analysis  and 
a t t empt   t o   suppres s   nonessen t i a l   i n s t ab i l i t i e s   by   appropr i a t e   numer i ca l  
methods. One such  method, that has   been  used  by  several   authcrs   (see 
r e f s .  14 and 19)  , i s  t o  "sn~ooth"   o r   f i l t e r   the   da ta   a lo i lg   each  t coordiilate 
as the  computat ions  proceed.   Since  this  method appears  t.o  be  extremely 
use fu l ,  we s h a l l   d i s c u s s  it i n  some d e t a i l .  

F i l t e r ing . -   Cons ide r   t he   va r i a t ion   o f   p re s su re   a long  a t coordinate  
and  behind a curved  shock as shown i n   f i g u r e  6( a)  . Let  us  expand  the  pres- 
s u r e   d i s t r i b u t i o n   i n  a Four i e r   s e r i e s  betweeil t h e  maximum abso lu te   va lues  of 

t used in   t he   ca l cu la t ions :   t hus  
50 

t 

(a) Pressure  d i s t r i b d t i s n .  

(b)  Four i e r   coe f f i c i en t s .  

Figure 6.-  Harmonic ana lys i s  of pressure  
d i s t r ibu t ion   j u s t   beh ind  bow shock wave. 

The magni tudes   o f   the   coef f ic ien ts   a re  
shown i n   f i g u r e  6(b)  . We see tha.t 
t h e  f irst  f e w  terms  dominate  the 
expansion;  and  higher  order  terms, 
corresponding  to  higher  freyuelzcies , 
are n e g l i g i b l e .  Next we assume t h a t  a 
Fourier   expansion  for   any  of   the 
dependent   var iables   over   the same 
in t e rva l   a long   any  t coordinate  
between  the  shock  and  the  body would 
e x h i b i t   t h e  same general   behavior ,  
t h a t  i s ,  could  be  expressed  with 
accep tab le   e r ro r   by   t he  f irst  few 
te rms   in  a Fourier  expansion. 

The above  assumption  certainly 
warrants some d i scuss ion .  However, t o  
a t t a c k  it s imply   on   the   bas i s   tha t  it 
a rb i t r a r i l y   p roh ib i t s   h igh - f r equency  
ternis i n   t h e   t r u e   s o l u t i o n  i s  no t  
j u s t i f i a b l e ,   s i n c e   a n y  method using 
f i n i t e   d i f f e r e n c e   t e c h n i q u e s  i s  sub- 
j e c t   t o   s u c h  a c r i t i c i s m   p e r   s e .   I n  
f a c t ,  it i s  a fundamental  theorem 

" 
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i n   co rmmica t ion   t heo ry  (see r e f .  22) tha t   t he   h ighes t   r e so lvab le   f r equency   i n  
any   f i n i t e   t r i gonomet r i c  series to   be   r ep resen ted  by a d i s c r e t e  number of 
po in t s  i s  r e l a t e d   t o   t h e  number of  points  themselves.  Consequently, if more 
po in t s  are used  than are r equ i r ed   t o   r e so lve   t he   h ighes t   f r equency ,   t he  
remaining  points  carry  redundant  information. The real assumption,  then, i s  
n o t   t h a t  we a rb i t ra r i ly   exc lude   h igh- f requency  terms, th i s   be ing   t he   ca se  
for   numer ica l   ca lcu la t ions   in   any   event ,   bu t   ra ther   tha t  we can  take  enough 
mesh p o i n t s   t o  make da ta   conta ined   in   them  la rge ly   redundant   in  the sense 
just   mentioned.  (Although we do not   d i scuss  it f u r t h e r   h e r e ,   c e r t a i n  
coordinate   t ransformations  opt imize t h i s  procedure.)  Under these  circum- 
stances,   high-frequency terms, appearing  from more o r  less random e r r o r s  
brought   about   by  numerical   t runcat ion  in   calculat ions made a t  d i s c r e t e   p o i n t s ,  
f a l l  above the  f requency  range  required  to   express  the t rue   so lu t ion   and   can  
be  excluded if  the   p roper -   numer ica l   f i l t e r  i s  appl ied .  The fol lowing  dis-  
cuss ion   br ie f ly   descr ibes   such  a f i l t e r .  

Let  us  consider a n  even  function F(x)  t h a t  can  be  represented  by a 
Four ie r   cos ine   se r ies  in t h e   i n t e r v a l  0 < x < L .  Thus 

" 

UJ - 

F(x)  = aln cos - m m: 
L 

rfl= 0 

Now de f ine   t he   ope ra to r  f by  the  equat ion 

f .(F) = - [F (x  + jh0) + F(x - jh,) ] 1 
J 2 

where 11, is the   spac ing  of t he   po in t s  i n  the  x d i r e c t i o n .   L e t t i n g  V j  
be   a rb i t ra ry   weight ing   fac tors ,   the   sequence   of   opera t ions  

f J J  
V . Y .  

j=o  

appl ied  t o  equation (16) results in   t he   expres s ion  

where 

If we def ine  a polynomial,  Pf,  such that  



J 
Pf = z v j  cos - j m h o  

L 
j = o  

then  we can  write  equation (l7a) as 

Pfam cos - Illsoz. 

L 
m=o 

It i s  e v i d e n t   t h a t  n r e p e t i t i o n s   o f   t h e   o p e r a t i o n   r e s u l t s   i n   t h e   e x p r e s s i o n  

A s tudy  of   equat ion (1n) l eads   to   the   fo l lowing   conclus ions :  

1. If the   func t ion  F(x) i s  replaced by cer ta in   weights   o f  i t s  average 
a t  equa l ly   spaced   i n t e rva l s   t o   t he   r i gh t   and  l e f t  of x ( i . e . ,   a p p l y i n g   t h e  

J 
opera tor  V .f . )  , t h e   c o e f f i c i e n t s   i n  i t s  Fourier  expansion are mul t ip l i ed  J J  

j =o 
by  pf .   Further ,  i f  t he   ope ra to r  i s  appl ied  n times, each   coef f ic ien t  is  
mul t ip l ied   by   the   n th  power of  P f .  

3 .  Define a new parameter, z ,  i n  terms of the  point   spacing,   ho,  as 
fo l lows  : 

z = 1 -  cos -  m d 0  
L 

Now cons ider   tha t  a polynomial  in z can  be  found  for   the  interval  
0 " < z < 2. Let i t s  c o e f f i c i e n t s ,  W., be   def ined   by   the   re la t ion  J 

J CT 

L 
j=o  j =o 

Mult iple   appl icat ions  of   the   above  operat ions amount t o  forming  the  polyno- 
mial, Pfn, in   equa t ion  (17b). They w i l l  leave  the  harmonics   for  which 
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0 < z < z 1  unchanged  and w i l l  d e s t r o y  
a l i  haymonics f o r  which z2 - < z - < 4-Zz. 
Harmonics f o r  which z 1 < z < z2 w i l l  
be d i s t o r t e d   a c c o r d i n g   t o   t h e   n a t u r e  of  
the  polynomial (see f i g .  7 ( a ) ) .  
S p e c i f i c a l l y ,  i f  

E & = -  cos (1 - z1) 
-1 

L nh0 
0 

% = -  c o s - l ( l  - z2) 
L dlo 

harmonics  below ml w i l l  be  undis- 
t o r t e d  and  those  above m, ( excep t   fo r  
very  high  frequencies) w i l l  be 
destroyed.  

I n   o u r   a p p l i c a t i o n ,  ho i s  unknown. 
We simply assume an L e x i s t s   f o r  
which our   numerical   resul ts   can  be 
expressed w i t h  accep tab le   e r ro r  below 
some mJL and f o r  which our  numerical 
procedures w i l l  in t roduce   e r rors  tha t  
l i e  above m2/L. Numerical  experi- 
mentation w i t h  the  spacing h and  the 
polynomial  form  of Pf have v e r i f i e d  
tha t  t h i s  i s  s o .  

The actual  polynomial  used -for t h e  
r e s d t s  presented i s  

* Pf = 1 - - 2 2  
12 
35 

Z I  2 2  ' 2 
z 

(a) Typical polynomial f i l t e r .  

- 5 b  I 
I 
z 

( b )  F i l t e r  used i n  present report. 

Figure 7 . -  E f f e c t   o f   f i l t e r i n g  on harmonic 
f w x t  i w  . 

2 
I 

Each app l i ca t ion   o f  Pf*  amounts t o  moving t h e   c e n t r a l   p o i n t   i n  a group  of 
f i v e   t o   t h e   c u r v e   o b t a i n e d   b y   f i t t i n g  a l e a s t - s q u a r e s   q u a d r a t i c   t o  them (see 
r e f .  23,  p .  318). The e f f e c t  of  applying Pf* over a range  of   f requency  to  
spac ing   r a t io s  i s  i l l u s t r a t e d   i n   f i g u r e  7(b) and   p re sen ted   a l so   i n   r e f e r -  
ence 24. The sha rpe r  f i l t e r ,  (Pf*)lo, is a l s o  shown i n   t h e   f i g u r e .  

The u s e   o f   n u m e r i c a l   f i l t e r s   o f   t h i s   t y p e   c a n   b e   c o n t r a s t e d   t o   t h e  use 
of   h igher   o rder   numer ica l   d i f fe ren t ia t ing   p rocesses .   Cons ider ,  as shown i n  
f i g u r e  8 (a ) ,  a set  of data a l l  zer9  except   for   one "badrr poin t .   These   da ta  
were numer i ca l ly   d i f f e ren t i a t ed   by   cen t r a l   d i f f e rence  schemes  and t h e  results 
harmonically  analyzed. The r e s u l t s   g i v e n   i n   f i g u r e  8(b)  show t h a t   w i t h  
h ighe r   o rde r   d i f f e rence  methods the  ampli tudes  of   higher   f requency terms are 
increased   and   the   over -a l l  maximum amplitude i tself  i s  increased.  On t h e  
other   hand,  a f ive-poin t   d i f fe rence  scheme fo l lowed   by   r epea ted   f i l t e r ing ,   o f  
t he   t ype   j u s t   desc r ibed ,   has  the o p p o s i t e   e f f e c t .  This does  not  mean, of 
course ,   tha t   re la t ive   to   low-order   schemes ,   h igh-order   d i f fe ren t ia t ing  



Ib processes  are i n f e r i o r .   T h e i r   v a l u e  

04 

03 

Ib"l 

02 

01 

0 

y I  
- 1  + z  

comes i n   r e d u c i n g   t h e   i n i t i a l   e r r o r .  
(Even t h i s ,  however,  depends  upon t h e  
number o f   s ign i f i can t   f i gu res   ca r r i ed  

X i n   t h e   c a l c u l a t i o n .   S e e ,  e .g .  , 
been  committed,  the  higher  order 
methods are   of  no va lue   i n   con t ro l l i ng  

(a)  Set of data  with  one  "bad"  point. r e f .  17.) B u t  once t h i s   e r r o r   h a s  

I I I 0 
4 8 12 16 20 24 

n 

(b)  Harmonic  analysis  of  data  after 
differentiation  and  filtering. 

Figure 8.- Effect of differentiation  and 
filtering  on  data. 
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i t s  e f f e c t  on t h e   s t a b i l i t y .  
- 

Examples   of   inherent   instabi l i -  __ 
t i e s . -  We now present   an example o f  an 
i n h e r e n t   i n s t a b i l i t y .  Four curves   a re  
shown i n   f i g u r e  9, one  corresponding 
t o  each  of   the  four   possible  cornbina- 
t i o n s   o f  two spac ings   for  As and A t .  
The quan t i ty   p lo t t ed  i s  the  magnitude 
of  the  determinant  [ A ]  i n  equa- 
t i o n  (9)  , the   va lue  of  which i s ,  of  
c o u r s e ,   c r i t i c a l   i n   e v a l u a t i n g   t h e  s 
der iva t ives   o f   the   dependent   var iab les .  
(Actually,   any one of  the  dependent 
var iables   could  be  used  to   display  the 
same r e s u l t . )  The po in t s   a r e   l oca t ed  
along a t coordinate   in   the  super-  
sonic  region  above  the  body  and down- 
stream from  the  shock.   Notice   that  
t h e   i n s t a b i l i t i e s   h a v e  no c o r r e l a t i o n  
w i t h   t h e   r a t i o   o f  At/& ( a l l  o the r  
condi t ions were he ld   cons tan t )  , but  
r a t h e r  w i t h  the absolute   value  of  A t .  
For t h e   l a r g e r  A t  no f l u c t u a t i o n s  a t  
a l l  are observed,   whereas ,   for   the 
smaller  At ,  u n s t a b l e   o s c i l l a t i o n s  
begin a t  a t of  around 0.6, and  the 
distance  between  successive maxima and 
minima i s  about   f ive  times t h e  A t  
i n t e r v a l   s i z e .  

An explanat ion  of   this   behavior  
Figure 9.- Effect of interval  size on can  be  proposed by  applying  the results 

determinant [ A ]  in  equation (9). shown i n   f i g u r e  7 .  The z (eq .  (18) ) 
i n   f i g u r e  7(b) corresponding  to   the 
smaller  t spacing i s  about 0 .2, at  
which  value  Pf* i s  about  0.99  for  one 

appl ica t ion   of   the  f i l t e r  and  about 0.90 f o r  10 success ive   appl ica t ions .  
Hence, the  amplitude  of a term with  the  f requency  corresponding  to   the  osci l -  
l a t i n g   c u r v e s   p r e s e n t e d   i n   f i g u r e  9 i s  o n l y   s l i g h t l y  damped by  the f i l t e r  
r ep resen ted   i n   f i gu re   7 (b ) .  A corresponding  s tudy  for  a value  of z equal  
t o   O . T ( r e p r e s e n t i n g   t h e   l a r g e r  t spac ing   in   f igure  9) shows t h a t   t h e  same 
frequency would be  heavi ly  damped, e s p e c i a l l y   f o r   m u l t i p l e   a p p l i c a t i o n s  of 
t h e  f i l t e r .  
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This is  cons idered   to   be  a t y p i c a l  
case  of  a n o n e s s e n t i a l   i n s t a b i l i t y .  
Since it can   be   cont ro l led ,   the  term 
nonessen t i a l   appea r s   t o  be appropr i a t e .  
The ex ten t   o f   t he   cu rves  shown i n  
f i g u r e  9 w a s  w e l l  wi th in   the   reg ion  where 
t h e  t coord ina te s   i n   t he   supe r son ic  
flow are nonduly  incl ined (a region 
de f ined   by   t he   i nequa l i ty  [ A ]  > 0 ) .  

We next   p resent   an  example  of  an 
i n h e r e n t   i n s t a b i l i t y  which we have 
c l a s s i f i e d  as e s s e n t i a l .  The authors  
a t t e m p t e d   t o   f i n d  t h e  body  following  an 
e l l i p t i c  shock  because  references 8 and 
14 gave   so lu t ions  for a ser ies   of   shocks 
t h a t  were po r t ions  of con ic   s ec t ions .  
For the   par t icu lar   case   chosen ,   the  ca.1- 
c u l a t i o n s  showed v i o l e n t   f l u c t u a t i o n s  
j u s t  as t h e   s o n i c   l i n e  met the  body. 
Since it was n e c e s s a r y   t o   o b t a i n   d a t a   i n  
the   supersonic   reg ion   in   o rder   to  start  
a. c h a r a c t e r i s t i c   s o l u t i o n ,  this s i t u a t i o n  
could   no t   be   to le ra ted .  A s  more and more 
at tempts  were made t o   f o r c e   t h e   s o l u t i o n  
i l l to   the  supersonic   region  near  t h e  body, 
using  various  smoothing  processes sj.milar 

X 

Figure 10.- Sketch  of   f low  f ie ld   with 
e s s e n t i a l   i n s t a b i l i t y .  

t o  and  including  the one just   descr ibed, ,  
it became inc reas ing ly  c1ea.r t h a t  t h e  
kind OP i n s t a . l s i l i t y   i l l u s t r a t e d   i n   t h e  
previous  exaxqle WELS not at the  root of 
t h e   t r o u b l e .  A t o t a l  of rive d i f f e r e n t  
kinds  of   smoothing  and  four   different  
kinds  of   end-of-array  controls  were t r i e d .  
The f l o w   f i e l d s  were  examined  and in   each  
case a l i n e  w a s  constructed  past   which 
t h e   f o u r t h   d i f f e r e n c e   o f  the d e n s i t y  
along a t coord ina te   began   to   f luc tua te  
v io len t ly .   Values   o f  A t  and As were 
a l s o   v a r i e d   b u t ,   n o t   o n l y  were a l l  cases  
uns t ab le ,  a l l  o f   t h e   l i n e s   d i v i d i n g   t h e  
unstable f rom  the   s t ab le   a r ea  f e l l  w i th in  Figure ll.- Sketch of f low  f i e ld  showing 

a narrow  band.  Finally the l e n g t h  up the 
shock ,   a long   which   the   in i t ia l  data were 

“Characteristic line 

charac te r i s t ic   l ine   emanat ing   f rom 
tangent   point .  

g iven,  w a s  great ly   extended  and t h i s  
c r i t i c a l   l i n e  w a s  discovered to i n t e r s e c t   t h e   e l l i p t i c a l   s h o c k  where t h e  
shock became t a n g e n t   t o  a free-s t ream Mach l i n e ,   p o i n t  A i n   f i g u r e  10. 

I n   r e t r o s p e c t ,   t h e   s i t u a t i o n  i s  c lear .   Cons ider  the case shown i n  
f i g u r e  11 which represents   the   ac tua l   shock   caused   by  some blunt-nosed  cylin- 
d e r .  We h y p o t h e s i z e   ( s e e   L i g h t h i l l   i n   r e f .  25, p .  440) that  the slope  of the 
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en t i r e   shock  all t h e  way t o   i n f i n i t y  i s  determined  ent i re ly   by  the  shape of 
the  nose  ahead  of i t s  point   of   tangency  with  the  cyl indrical   af terbody.   Only 
a t  in f in i ty   does   t he   shock  become t a n g e n t   t o  a free-stream c h a r a c t e r i s t i c   o r  
Mach l i n e .  If we were t o   c o n s t r u c t   a n   e l l i p t i c   s h o c k ,   t h e n ,   n o t   o n l y  must we 
provide some s o r t   o f   s i n k   s h e e t   i n   t h e   r e g i o n   b e h i n d   t h e   c r i t i c a l   l i n e   i n  
f i g u r e  10, but  no matter  how far  ( in   t e rms   of  a unit body  diameter) away poin t  
A migh t   be ,   t he   s ink   l i ne  would ex tend   in to   the   nose   reg ion .   In   ac tua l   p rac-  
t i c e   ( e . g . ,   i n   f i g .  10) po in t  A i s  far above t h e   l a r g e s t   v a l u e   o f  t used. 
Nevertheless,  a bas ic   pos tu la te   o f   the   inverse  method  depends  upon the   va l id -  
i t y  of a n a l n i c   c o n t i n u a t i o n ,  and the   ex is tence   o f   the   s ingular   reg ion  i s  con- 
t a i n e d   i n   t h e   s h o c k   d a t a   a l l  t h e  way  down t o   t h e   a x i s   o f  symmetry. An 
accura te   so lu t ion  must c o n t a i n   t h e s e   s i n g u l a r i t i e s   f o r   t h e y   a r e  a t rue   so lu -  
t i o n   t o   t h e   f l o w   f i e l d   f o l l o w i n g   a n   e l l i p t i c   s h o c k .  Hence,  and it i s  t o   b e  
emphasized, e l l i p t i c  shocks   were   no t   used   for   the   so lu t ions   p resented   in   th i s  
repor t .   Subsequent ly ,   the   au thors   found  tha t   Schwidersk i   ( re f .  15) has   d i s -  
covered  the same r e s u l t  and  has  even  analyzed  the  asymptotic  behavior  of  the 
s i n g u l a r   c h a r a c t e r i s t i c  when it i n t e r s e c t s   t h e   s h o c k  a t  la rge   d i s tances   f rom 
the  body. 

For the   p rac t ica l   purpose   o f   cons t ruc t ing   the   f low  about   b lunt   bodies ,  
t h i s   k i n d   o f   s i n g u l a r i t y   a n d  i t s  a t t e n d a n t   e s s e n t i a l   i n s t a b i l i t y  i s  an 
unwallted by-product   o f   the   inverse   method.   Shocks   tha t   a re   exac t ly   e l l ip t ic  
up t o   p o i n t  A i n   f i g u r e  10 simply  do  not  occur  ahead  of  blunt  bodies  in 
source-free  flow.3 The d i f f i c u l t y  i s  e a s i l y  overcome,  however,  simply  by 
s t a r t i ng   w i th   an   ana ly t i c   shock   shape   t ha t  i s  n o t   e l l i p t i c  and  never becomes 
t a n g e n t   t o  a free-stream Mach l ine .   Actua l ly ,   the   shock   equat ion   used   in  
th i s   repor t   asymptot ica l ly   approaches   twice   the   s lope   o f  a free-strea,m Mach 
l ine;   and,   by means of i t s  use ,   e s sen t i a .1   i n s t ab i l i t i e s   such  as t h a t   j u s t  
exemplif ied  disappear .  The ques t ion   of   jus t  how close  the  shock  can come t o  
the   f ree-s t ream Mach l i n e  and j u s t  how it should beha.ve a t  i n f i n i t y   d o e s   n o t  
ha,ve t o   b e   s e t t l e d  for most bodies,  because we need  only t o   e n t e r   t h e   s u p e r -  
sonic  region far  enough to   provide  information which  can  be success fu l ly  con- 
t i nued   by   t he  method o f   c h a r a c t e r i s t i c s .  Usua,lly t h i s  means t h a t   t h e  body 
shape  need  confornl t o  i t s  des i red   va lue   on ly  up t o  a, po in t  where t h e   l o c a l  
Mach number i s  around 1.05 t o  1.15. P a s t   t h i s   p o i n t  we imagine  the  body  to 
be  expanding  in  the  form  of a cone,  the  exact  shape  of  which i s  immaterial. 
The importance  of t h i s   c o n c e p t   l i e s   o n l y  in t h e   f a c t   t h a t   a n a l y t i c   s h o c k  
equat ions  for   such  bodies   with  source-free  f low ahea.d of   the   l imi t ing   charac-  
t e r i s t i c   a r e   n o t   d i f f i c u l t   t o   c o n s t r u c t .  

3 
This  does  not mean the  results g iven   in   re fe rences  8 and 14 a r e   n o t  

v a l i d .  The body  shape  and  the  variables on the  body  were  determined  by 
extrapolat ing  inward  f rom  the smooth port ion  of   the  f low.  Where comparisons 
were   made , these   publ i shed   resu l t s   d i f fe red   on ly   s l igh t ly   f rom  the  results 
calculated  using  the  shock  shapes  descr ibed  in  a la te r  s e c t i o n   o f   t h i s   r e p o r t .  
These  differences were l i m i t e d   t o   t h e   f i n a l   p o i n t s   i n   t h e   t r a n s o n i c   r e g i o n ,  
s ee   f i gu re  17. 
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I n d u c e d   i n s t a b i l i t i e s . -  The in s t ab i l i t i e s   d i scussed   above  existed 
because   o f   t he   na tu re   o f   t he   d i f f e ren t i a l   equa t ions .  They  would a c t u a l l y  have 
e x i s t e d   i n  a f r i c t i o n l e s s   f l o w  if the  boundary  conditions were exac t ly   repro-  
duced.   Another   kind  of   instabi l i ty   ar ises   which i s  caused   by   the   par t icu lar  
choice of numer ica l   p rocedure .   This   k ind   of   ins tab i l i ty  we refer t o  as an 
induced   i n s t ab i l i t y ,   and  it can  presumably  be  eliminated  by  the  proper  choice 
of coordinates ,  mesh s ize ,   and   d i f fe renc ing   technique .  

The s tudy   of   the   s tab i l i ty   o f   d i f fe rence   methods ,  as t h e y   a p p l y   t o  
hyperbol ic   equa , t ions ,   usua l ly   per ta ins   to   the   cont inua t ion   of  Cauchy data 
given  along a d u l y   i n c l i n e d   l i n e .  The c r i t e r i o n   g i v e n   f o r   t h e   s t a b i l i t y  of 
t h e   s i m p l e s t   e x p l i c i t   d i f f e r e n c e   e q u a t i o n   ( s e e ,   e . g . ,   r e f .  20) i s  i l l u s t r a t e d  
i n   f i g u r e  1 2 .  The equation i s  based  on a three-poin t   cen t ra l -d i f fe rence  
formula  wri t ten  about   the  point  m,n 
€or   the   f i r s t   der iVat i l JeS   in   bo th   d i rec-  
t i o n s  . Given equally  spaced  data. a l o n g  
colujnn 11, t h e  1;lethod is s t a b l e  i f ,  as 
we proceed froill po ini; 2, LCI poillt b 
i n   f i g p r e  12 (a) , t h e  coltxirls a.re spsced 
by and -tmsta.hle i . i '  spaced by &x2. Ym 

The condi t ion lor s-t;al.iillty is l-ela-t;ed, 
s inlply, t o  whether tile po in t  at. tile i l l t h  

row and i1 + 1 colwlm does "1' does  not 
l i e   i n  the shaded  a,rea boLu1ded by tile 
c h a r a c t e r i s t i c s  silown . If t h i s   c r i t e -  
r i o n  were t o  a.pply t o  OLU- case (w!len tile 
i l t i l  co1Lu:m l>ecaine d-tdy inclillecI) , po in t  Figure 12.- Sketch of condi t ions for 
13 in ~ig;ur.e U( 13) ~ o u l c ~  lmve to Pa.11 in 
t h e  sllacied r e g i o n  s1101.m. Actual ly  OLW case i s  i3uc11 imre  complicated. A Pive- 
po int d LiYel-enc? s c h c ~ : ~  i s  used alon;l; the culLululs and, a f t e r  smoothing, two 
cor rec tor   equa t io i l s   u ' e   appl ied .  

X "  X " + l  X Sn %+I  S 

(aj x,; plane. (b) s , t  plane. 

s t a b i l i t y .  

Coupled with tile ever present  r l ~ j ~ ~ l i ~ l e a r  for111 uf vur  basic  equa.t ion,   these 
conrplicatioils malie a s t a b i l i t y  s.nal;lsis uf t h e  s i tua t iun   qu i te   involved .  
However, it was observed t,lla,t whenever  tile flow c rosses   i n to  a region where 
a t coordinate i s  d u l y  i n c l i n e d ,   t h e   c a l c u l a t i o i l  becomes unstable  . 4  For 
the   cases   p resented  in t h i s   r e p o r t ,  this cross ing   on ly   occurs   in   the   h igh  
supersonic  region so no attempt was made t o   c o n t r o l  i t .  The l i n e   a l o n g  which 
the  crossover   occurs  simply becomes a boundary  past  which c a l c u l a t i o n s  were 
not  continued . 

4 
When t h e  t coordinate  changes  from a nonduly t o  a d u l y   i n c l i n e d   l i n e ,  

t he   va lue  of  [ A ]  in   equa t ion  (9) passes  through  zero.   Since [ A ]  i s  t h e  
denominator i n   t he   equa t ion   fo r   t he   fo rward -march ing   de r iva t ives ,   t h i s   can  
lead t o   d i f f i c u l t i e s   i n   n u m e r i c a l  methods  (although, o f  course,  the nuniera- 
t o r s   a l s o  must v a n i s h ) .  A s  was the  case  for   the  end-of-array,   asymmetr ic ,  
numer i ca l   d i f f e ren t i a t ion   t h i s   occu r rence  may he lp  start  the  growth  of 
i n s t a b i l i t y   b u t  it i s  not   the  cause of it. 



This way o f  t r e a t i n g   s u c h  an i n s t a b i l i t y  i s  only an expedient .   Blunter  
bodies   and  solut ions a t  lower Mach numbers demand t h a t   t h e s e   i n s t a b i l i t i e s   b e  
con t ro l l ed .   S tud ie s  t o  t h i s   e f f e c t  are cont inuing.  

RELATING THE SHOCK AND BODY SHAPES 

If we assume t h a t  a l l  t h e   s t a b i l i t y  and  convergence  problems  can  be 
con t ro l l ed  where necessary ,   the  real  success  of  the  inverse method s t i l l  
depends upon t h e   a b i l i t y   t o   f i n d  some relat ionship  between  famil ies   of   shock 
and  body  equations.   In  other  words,  it depends upon t h e   a b i l i t y   t o   f o r m u l a t e  
a shock  equat ion  that   can  be  systematical ly   modif ied  to  a po in t  where it 
y ie lds  a given  body t o  a prescr ibed  accuracy.  The following method was used 
i n   t h i s   r e p o r t .  

A s  was poin ted   ou t   in   the   Numer ica l   Analys is   sec t ion ,   e l l ip t ica l   o r  
sphe r i ca l   shock   shapes   i n t roduce   s ingu la r i t i e s   i n to   t he   f l ow  f i e ld  which  can 
cause   e s sen t i a l   i n s t ab i l i t i e s   t o   occu r   i n   t he   l ow  supe r son ic   r eg ion   nea r   t he  
b o d y .   I n   o r d e r   t o   a v o i d   t h e s e   d i f f i c u l t i e s ,   t h e   e q u a t i o n  

n =-1 

Since  the  body  shape  and  size  corresponding  to  the  given  shock are not  
known a t  t h i s  time, it i s  conven ien t   t o   r e f e rence   t he   x ,y   coo rd ina te s   t o  
Rs, the   radius   of   curvature   of   the   shock wave a t  y = 0 .  

Most body  shapes  of  interest  are conics  or  can  be  approximated  by  one. 
The genera l   equa t ion   for  a conic   can   be   wr i t ten   in  terms of   the  present  
coordinate  system as 

y' + - Bb(X - A) = Rb 1 
2 ( x  - A) 2 

where A i s  the  shock  s tandoff   dis tance,  Bb i s  t h e  body bluntness  parameter,  
and & is  the  radius   of   curvature   of   the   body a t  y = 0 .  The only  conics 
c o n s i d e r e d   i n   t h i s   r e p o r t  are e l l i p s o i d s  which include a sphere  and a 
paraboloid as s p e c i a l   c a s e s .  The relat ionships   between  the body  shape 
parameters are ( f i g .  13): 

Body shape Bb 

E l l i p s o i d  (b/R)2 
Sphere 1 
Paraboloid 0 
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I n   r e l a t i n g   t h e  body  shape t o  t h e  
shock shape, two f a c t o r s  must be con- 
s i d e r e d .   F i r s t ,   t h e   r a t i o ,  Rb/Rs, 
which r e l a t e s   t h e   s i z e   o f   t h e   c a l c u -  
l a t e d  body t o   t h e  shock  shape  must  be 
determined,  and,  second,  the  closeness 
of  f i t  o f   t he   ca l cu la t ed  body p o i n t s  
t o  t h e   d e s i r e d  body  shape  charaxterized 
by Eh,, must  be  determined. The 
following  procedure i s  used   in   the  
p re sen t  me-thod. 

1. Values r ~ r  the  shock  shape 
parameters   are  assuled, and  the  f low 
f i e l d  i s  calculated  includillg  t i le body 
shape . 

7 - 2 b  

1 
+ - R 4  

Figure 13.- Sketch of e l l i p s o i d .  

c 

2. The body  cuordinates' for sui*- 
face FIa.ci1 : ~ ~ u n b e r s  ?jetweeil 0.) a.llc1 ~ I ~ ~ - ; L L I ,  
1 .O > a,L'e sdbsLitilted in td  t!le l e f t  side of  equation (20) and   p lo t t ed   aga ins t  
(x - A;/Rs- These  poirits a r e  €'fitted with a h o r i z o n t a l   s t r a i g h t   l i n e   t h a t   m i n i -  
mizes C o ,  t h e  sulil G P  t i le  absolute  diff 'erences  between  the  points  and the 
l i n e .  The or*di.nate of t h e   l i n e  i s  The r a t i o ,  Rb/Rs, and  the sunl of  the 
a b s o l u t e   d i f f e r e n c e s  i s  a uleasure of the  c losei less  o f  €it t o   t h e   d e s i r e d  
con ic .  

Each i t e r a t i o n  r*eclllires  approximately h a l f  a minute  on an  IBM 7090 for a r e a l  
gas and less t ime  for  a p e r f e c t  ga,s .  The success   o f   t h i s  method and  the 
d e t a i l s  of i t s  app l i ca t ion   t o   spec iP ic   bod ie s  ff3r given  free-stream  condi- 
t i o n s  are d i scussed   i n   t he   nex t   s ec t ion .  

RFSULTS f d D  DISCUSSION 

Spheres for a P e r f e c t  Gas 

Since shock-wave shapes for hemisphere-cyl inders   in  a p e r f e c t   g a s  have 
been studied extens ive ly ,   bo th   exper imenta l ly   and   theore t ica l ly ,   th i s   p roblem 
i s  l o g i c a l l y  one  of f i r s t  concern. Some experimentation  with  equation (19), 
us ing   the  method ou t l ined ,  showed t h e   r a t h e r   r e m a r k a b l e   f a c t   t h a t  
._I"  "" L I. _ .  "" . ~ "_ - c " 

5The body coord ina te s   fo r  Mach numbers less  than 0 .5  are ignored  because 
t h e y   g e n e r a l l y   l i e  on a c i rcu lar   a rc   and   because  of t he   s ca t t e r   i n t roduced   by  
S m a l l  values  of  the  denominator,  x - A, i n   t h e  f i r s t  term of equation (20). 



spherical-nosed,  axisymmetric  bodies  are  produced t o  a high  degree  of  accuracy 
(a t  leas t  as accura t e  as a s p h e r i c a l   r e p r e s e n t a t i o n  of  t h e   e a r t h )  by  the 
simple,  one-parameter  equation 

where A5 i s  t h e  shock-wave parameter.  Th i s  equation i s  va.lic?  foi- f r ee -  
stream Mach numbers g rea t e r   t han  3 f o r  7 from 1.1 t o  l.U.;,.'.T. The numerator 
of  equation (21) represe i l t s   the  f irst  two te rms   for   the   se r ies   expa t !s i f  111 

of a con ic   s ec t ion .  The denominator   p rovides   tha t   for   l a rge   d i s tances  fi-olil 
the   nose,   the   shock  s lope i s  twice   the  Mach l i n e   s l o p e .  T!lis condi t ion vas 
imposed t o   a v o i d   e s s e n t i a l   i n s t a k i l i t i e s ,   b u t  it does  not   necessar i ly   prevei l t  
the  shock  angle  from  becoming  si l~dler  than  the Mach angle  i n  sUl:1? intermediary 
r eg ion .  

Values  of  the shock-wave  parameter, As, f o r  a sphere   a re  shown i i l  

f i g u r e  14. Since   the  method  used t o   o p t i m i z e  A5 depends s l i g i l t l y  on t h e  
magnitude of  t h e   s t e p   s i z e ,  As, a standa,rd  value of  & = d 7 . l  vas used. 

b I - -17"""- 1 

Figure 1 4 .  - Shock- 

(b) A, v s .  7 

-wave parameter for sphere. 
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Figure 1). - l i a t iu  u t  11ilse r,aclius to shuck 

r ad ius  f , J r  sphere. 

The rat :J of  nose  radius t o  shock 
r ad ius  is shown in f i g u r e  13, and  tile 
shock s tandoff   d i s tance   in   t e rms  01' 

shock  ra.dius  and  nose  radius i s  shown 
i n   f i g u r e  16 .  The corresponding 
results of' Van  Dyke and  Gordon ( r e f .  c;), 
F u l l e r  (method of  r e f .  14) ,6 and 
Be lo t se rkovsk i i   ( r e f .  11) a r e  shown for 
comparison. 

It was noted  in   reference 26 tl1a.t 
the  surfa.ce 13r.essLu.e c?i.stribuLion in 
t he   t r anson ic   r eg ion  oi' a spilel-e 
obta.ined  by  the mi l le r  method  showed 
dev ia t ions  from exper imen-t  and t h a t  
t h i s   r e s t i l t e d   i n  a d i s c o n t i n u i t y  in t h e  
s lope   o f   the   sur face   p ressure  distri- 
but   ion  when the   f l ow- f   i e ld   ca l cu la t ions  
were continued  with  the method of char- 
a c t e r i s t i c s .   T h i s   d i f f i c u l t y  i s  
be l ieved   to   be   caused   by   the   s ingular i -  
t i e s  brought  about  by  the  use or" an 
e l l i p t i c a l   s h o c k .  A s  a t y p i c a l  example, 
t h e   p r e s s u r e   d i s t r i b u t i o n  on a sphere 
f o r  M, = 10 and y = 1 . 4  i s  shown i n  

6 
Although  only  two-dimensional 

results are r epor t ed   i n   r e f e rence  1 4 ,  
t h e  method i s  a p p l i c a b l e   t o   a x i s y m e t r i c  
f low  a l so .  Some o f   t hese  results are 
shown in   r e f e rence  26. 
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Presenl  method 

0 Van Dyke and  Gordon,  ref 8 
A Belolserkovskll,  ref I I 
0 Fuller,  method  of  ref 14 

Figure 17.- Theore t ica l   p ressure  

I& = 10. 
d i s t r i b u t i o n  on sphere; y = 1 . 4 ,  

f i g u r e  17. The r e s u l t s   o f   t h e   p r e s e n t  
method a r e   i n  good  agreement  with 
Be lo t se rkovsk i i ' s  results, whereas  the 
results of Van  Dyke and Gordon and 
F u l l e r ' s  method y ie ld   lower   p ressures  
i n   t h e   t r a n s o n i c   r e g i o n .  Comparisons 
with  Belotserkovski i  s r e s u l t s   f o r   t h e  
shock  shape  and  sonic l i n e  are shown 
i n   f i g u r e  18. 

The v a l i d i t y  of the  blunt-body 
solut ion  has   been  demonstrated  in   pre-  
viously published compa.risons with 
experimental rrleasurenlents of' shock 
standoff  distance,   shock  shape,  and 
su r face   p re s su re   d i s t r ibu t ion   ( e   . g  . , 
r e f s .  3 and 26,). Flow-field  propert ies  
between  the  body  and  shock wave have 
been  determined  by  Sedney  and  Kahl 
( r e f .  27) from  interferograms of  
s p h e r e s   i n   f r e e   f l i g h t .  A comparison 
of  measured  and  calculated  constart  
d e n s i t y   l i n e s  is  shown i n   f i g u r e  19 

0 .2 4 6 8 I O  I 2  
x/R, 

Figure 16.-  Shock-wave shape  and  sonic 
l i ne   fo r   sphe re ;  ) = 1 . 4 ,  M, = lo. 
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Figure 19.- Constan t -dens i ty   l ines   for  
sphere  in argon; y = 1.6667, 
M a  = 5.329. 
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fo r   a rgon  w i t h  = 5.329  and  in   f igure 20 fo r   n i t rogen   w i th  b3 = 3.017. 
For argon,  the  comparison i s  poor in   t he   s t agna t ion   r eg ion .  In f a c t ,   t h e  
calculated  shock  s tandoff   dis tance i s  5 percent  greater  than  the  measured 
value.   Since  the  shock  standoff  distance  depends  strongly on 7 ,  it i s  possi-  
b le  t h a t   t h e   a r g o n   u s e d   i n   t h e  tes ts  was s l igh t ly   contaminated  with a i r .  For 
ni t rogen,   the   constant   densi ty   l ines   and  shock  s tandoff   dis tance  calculated 
f o r  y = 1 . 4  compare well  with  the  measurements as shovm i n   f i g u r e   2 0 ( a ) .  
This result supports   the  conclusion of Sedney  and  Kahl t h a t   t h e   v i b r a t i o n a l  
states of  nitrogen were no t   exc i t ed .  T h i s  conclusion i s  also  supported  by 
t h e  poor agreement   wi th   the   rea l -gas   ca lcu la t ion  shown i n   f i g u r e  2O(b) . T h i s  
ca l cu la t ion  method,  which t r i l l  be  discussed  next,   assumes  the  gas  properties 
t o  be  those  of a i r  i n  thermodynanlic  equilibrium. 
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Figme 20.- C o n s t a n t - d e n s i t y   l i n e s  f o r  spheres i n   n i t r o g e n ;  7 = 1 . 4 ,  M, = 5.017. 



Spheres   for  a R e a l  Gas ( A i r  i n  Thermodynamic Equilibrium) 

The same one-parameter  family  of  shock  shapes  obtained  for a p e r f e c t   g a s  
has   a l so   been   found   t o   be   app l i cab le   fo r   r ea l -gas   ca l cu la t ions   fo r  a i r  i n  
thermodynamic  equilibrium.  Values  of A5 have  been  obtained  for   the  veloci ty  
range  from 10,000 t o  4>,000 f t / s e c   a n d   f o r   t h e   a l t i t u d e   r a n g e   f r o n  100,000 t o  
3OO,OOO fee t  as shown i n   f i g u r e  2.l. T h i s  range  of   solut ions  includes  the 
e f f e c t s   o f   d i s s o c i a t i o n   o f  oxygen  and n i t rogen   and   the   e f fec ts   o f   ion iza , t ion .  
The atmospheric   propert ies  were obtained 
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Figure 21 .- Shock-wave  parameter for sphe re .  

The ra t io   o f   nose   rad ius   to   shock   rad ius  i s  shown i n   f i g u r e  22, and  the 
shock  s tandoff   dis tance i s  shown i n   f i g u r e  23. The shock  standoff  distance 
can   be   cor re la ted   wi th   the   dens i ty   ra t io   pd ,os t  as shown by  Ridyard 
( r e f .  29). The p resen t  results f o r   b o t h  a rea,l  and a p e r f e c t   g a s   a r e  shown 
i n   f i g u r e  24. Values of t he   l oca l   i s en t rop ic   exponen t ,  7 = a2p/p,   for 
s tagnat ion-poin t   condi t ions   a re  shown i n   f i g u r e  2 5 .  

The shock-wave shape  parameters  and  sta,gna,t ion-point  conditions  fgr a l l  
t he   so lu t ions   a r e   p re sen ted   i n   t ab l e  I .  Body data and  shock wave and  sonic 
l i n e   c o o r d i n a t e s   f o r  a l l  t h e   s o l u t i o n s   a r e   p r e s e n t e d   i n   t a b l e  11. I n  addi- 
t i o n ,   t a b l e  I1 includes  f low-field  data   between  the body  and  shock wave on a 
l i n e  normal t o   t h e  body a t  t h e   p o i n t  where M = 1 .O5. These data can  be  used 
as i n p u t s   f o r  a method  of c h a r a c t e r i s t i c s  program t o   c a l c u l a t e   t h e  flow i n  
the  supersonic   region.  It i s  noted   tha t   for   the   h ighes t   speeds   and   lowes t  
a l t i tudes ,   the   s tagnat ion   tempera ture   exceeds  27,000° R, t h e  l i m i t  f o r   t h e  
thermodynamic data used. The t o t a l   e n t h a l p y   e r r o r   i n   t h i s   r e g i o n  becomes as 
l a r g e  as 5 percen t .  
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Comparison  of Real-Gas and  Perfect-Gas  Solutions  for a Sphere 

The use  of a pe r fec t -gas   so lu t ion   t o   ob ta in   f l ow- f i e ld   r e su l t s  when real-  
gas   e f fec ts   a re   s ign i f icant   has   been   proposed   by  nmly r e s e a r c h e r s .  From 
f i g u r e  25 it i s  noted t h a t  the   loca l   i sen t ropic   exponent   for   s tagnat ion-poin t  
condi t ions i s  roughly 1.1 t o  1 . 2 .  From f i g u r e   2 l ( a )  it i s  n o t e d   t h a t   f o r  
v e l o c i t i e s   g r e a t e r   t h a n  15,000 I t / s e c ,   t h e  shock-wave parameter As f o r   t h e  
rea l -gas   so lu t ions   has   near ly   the  same value as shown i n   f i g u r e  14(a)  ftJr 

pe r fec t -gas   so lu t ions   fo r  > 15 and y - 1.1 t o  1 . 2 .  Final ly ,   I ' igure  24 
shobrs tha t   t he   comela t ion   o f   shock   s t andof f   d i s t ance  w i t h  densiL,y r a t i o  f 'ur 
r ea l -gas   so lu t ions  i s  n e a r l y   t h e  same as for   perfect-gas   solut ic jns  w i t i l  
y - 1.1 t o  1 . 2 .  These f a c t s   s u g g e s t   t h a t   t h e   l o c a l   i s e n t r c p i c  expoi1en.r. for 
stagnat ion-point   condi t ions  might   be  the  appropriate   value  of  t o  be Ltsed 
i n  a, pe r f ec t -gas   so lu t ion .  

A t y p i c a l  comparison  of  shock-wave  shapes  and  sonic  lines  for  real-gas 
and  perfect-gas   solut ions i s  show11 i n   f i g u r e  26 f o r  V, = ;.O,OOO ft/sec and 
an   a l t i t ude   o f  200,000 f e e t  where b3 = 2'- d . O O ~  and Y s t  = 1.2279. The equiv- 
a l en t   pe r f ec t -gas   so lu t ion  w a s  ob ta ined   fo r   t he  same N., and / = is:-. The 
differences  between  the TWO so lu t ions   for   the   shock   s ta i ldof f   d i s tance   and  
son ic   l i ne   a r e   app rec i ab le .   Be t t e r   ag reemen t  i s  ob ta ined   fo r   t he   su r f ace  
p re s su re   d i s t r ibu t ions  as shown i n   f i g u r e  27.  Since   the   sur face   p ressure  
d i s t r i b u t i o n   f o l l o w s  Newtonian  flow f o r  a l l  so lu t ions ,   t he   p re s su re  a t  tile 
M = 1.03 l o c a t i o n  i s  a measure  of  the  agreement  between  real-   and  perfect-  
gas   so lu t ions .  The values  of  (p/pSt)M=1.05,  for a l l  the  real-gas  Solut.iGris, 
a r e  shown i n   f i g u r e  28 as a func t ion   o f   t he   e f f ec t ive   va lue   o f  ; . GeneraLly, 
t h e  agreemelzt with The per fec t -gas   so lu t ions  i s  good. A t  l e a s t   f o r   t h e  
subsonic-transonic  region, it appears that a per fec t -gas   so lu t ion  i s  adequate 
t o   o b t a i n   t h e   s u r f a c e   p r e s s u r e   d i s t r l b u t i o n  on a sphere.  

E1lipsoid.s  and  Paraboloids 

Nose s h a p e s   o t h e r   t h a n   s p h e r e s   a r e   a l s o   o f   i n t e r e s t ,   p a r t i c u l a r l y   b l u i l t  
e l l i p s o i d s .  The one-parameter  family  of  shock  shapes  given  by  equation (21) 
has   been   found   t o   y i e ld   e l l i p so ids   t o  a high  degree  of  accuracy  for  values 
of   the  body bluntness   parameter  up t o  2.25 .  Values  of A5 f o r  /' = 1 . 4  and 
M, = 6 and 10 a r e  sl~own i n   f i g u r e  29. (The s i ze   o f  As vas nlainta.ined a,t 
n / 7 . 1  . ) The r a t io   o f   nose   r ad ius   t o   shock   r ad ius  i s  shown in f i g u r e  >O, 
and  the  shock  s tandoff   dis tance i s  shown i n   f i g u r e  31. It i s  i n t e r e s t i n g   t o  
note   tha t   the   shock   s tandoff   d i s tance   in   t e rms   of   the   shock   rad ius  i s  n e a r l y  
independent  of  the  body  bluntness.  A s  the   bluntness   approaches  zero,   the  
e l l i p s o i d  becomes a pa rabo lo id   i n   t he  limit. Values  of A5 f o r  y = 1 . 4  and 

been   ob ta ined   fo r   an   e l l i p so id   i n  a r e a l   g a s .  As an  example,   for  free-stream 
condi t ions  of  V, = 32,000 f t / s e c  a t  180,000 f e e t   a l t i t u d e ,   t h e   v a l u e s  
of As f o r  body  bluntness  parameters as high as 5 are shown i n   f i g u r e  33. 
The preceding  examples   i l lustrate   the  wide  range  of   f ree-s t ream  condi t ions 
f o r  which  blunt-body  solutions  can  be  obtained  by  the  present  method. 

M , = 4 t  o 100 f o r  a paraboloid are shown i n   f i g u r e  32. Solut ions  have  a lso 
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Figure ,O .- Ratio of  mse  r a d i u s   t o  shock 
r a d i u s   f o r   e l l i p s o i d s .  
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SUMMARY OF RESULTS 

The inverse  method,  wherein a shock-wave shape i s  assumed, and  the 
corresponding  body  shape i s  found,   has   been  used  to   s tudy  inviscid,   hyper-  
son ic   f l ow  ove r   b lun t -nosed   bod ie s .   In s t ab i l i t i e s   a s soc ia t ed   w i th   t he  
numerical  methods  employed are   discussed  and shown t o  be not  informidable.  
Solutions  have  been  obtained  over a wide range  of   f ree-s t ream  condi t ions  for  
bo th   per fec t -   and   rea l -gas   f lows .  

1. A one-parameter  family of  shock-wave shapes  has  been  found t o  y i e l d  
spherical-nosed,  axisymmetric  bodies  to a high  degree  of  accuracy for p e r f e c t  
gases  over a Mach number range  from 5 t o  100 fo r   va lues   o f  ;y from 1.1 
t o  1.6667 and   fo r  a i r  i n  thermodynamic equi l ibr ium  over  a speed  range  from 
10,000 t o  45,000 f t / s e c   f o r   a l t i t u d e s   f r o m  100,000 t o  3OO,OOO f e e t .  

2 .  Comparisons  of  the  results  with  other  numerical  methods  and 
experiments showed good  agreement. 

3 .  Comparison  of a r ea l -gas   so lu t ion   fo r  a sphere  with a. perfect-gas  
s o l u t i o n ,   i n  which the   s tagnat ion-poin t   i sen t ropic   exponent  was t h e   m l u e   o f  ' 
/' used, showed good  agreement f o r   t h e   s u r f a c e   p r e s s u r e   d i s t r i b u t i o n   b u t  
poor agreement   for   the  shock  s tandoff   dis tance.  

4.. The one-parameter  family  of  shock-wave  shapes i s  a l s o   a p p l i c a b l e   t o  
body  shapes  other  than  spheres,   such as e l l i p s o i d s  and  paraboloids.  

5 .  A comprehensive  tabulat ion  of   solut ions i s  p re sen ted   fo r   sphe res   i n  
a i r  i n  thermodynamic  equilibrium. The r e s u l t s   i n c l u d e  body data,   shock- 
wa.ve and   sonic   l ine   coord ina tes ,   and  flow prope r t i e s   i n   t he   shock   l aye r  
along a l i n e  normal t o   t h e  body i n  the   t r anson ic   r eg ion .  The l a t t e r   d a t a  
can  be  used as i n p u t s   f o r  a method o f   c h a r a c t e r i s t i c s   s o l u t i o n .  

Ames Research  Center 
National  Aeronautics  and  Space  Administration 

Moffet t   Field,  Ca l i f . ,  March 4,  1964 
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TABLE I .-  RES& OF REAL-GAS SOLUTIONS 

F r e e - s t r e a m   c o n d i t i o n s  
I 

S t a m l a t i o i l - m i n t   c o n d i t i o n s  
1 

Shock-wave  shape  condi t ions 
" I" 

__ 

M, 
- 
10 . o j  
15.05 
20.06 
25 .Os 
30 .og 

40.12 
35.11 

45.14 
9.21 

13.81 
18.41 
23.02 
27.62 

36.5; 
32.22 

41.41 
9.71 

14.56 
15.41 
24.26 
25 .I2 
33.97 
38.82 

u .26 
16 .e5 
12.52 
18.13 
55.78 
39.42 
$5 .04 
jo.6e 
u .79 
L7.69 
!j .58 
?9.M 
35.38 
+I .27 

4j.6s 

r7.17 
j3.06 __ 

- 

f t / s e c  
v m  I 

15,000 
10,000 

20,000 
25,000 
30,000 
35,000 
40,000 

10,000 
15,000 
20,000 
25,000 
jo  ,000 
35,000 
40,000 

10,000 
45,ooo 

20,000 

j0,ooo 
;5,000 
40,000 

10,000 
45,000 

- 

45,ooo 

15,000 

25,000 

15,000 
20,000 
25,000 
j0,ooo 

40,000 
35,000 

10,000 
45,000 

20,000 
15,000 

25,000 
j0,ooo 
35,000 
40,000 
45.000 

- 

- 

A l t i t u d e ,  
f t  

100,000 

150,000 

200,000 

25o,ooo 

joo ,000 

1 .2oy 
1.10y 

1 .l>> 
1.172 
1.215 

1 .I>; 
1.162 

1.070 
1.1 j 2  
1 .I52 
1.140 

1.21h  
1.152 

1.166 
1.178 

1.11; 
1144 
1.12bC 
1.165 

1 . l h j  
1 .2& 
1 .ll> 
1.161 
1.12t, 
1 .I26 

1 x 7  

- 

1.143 

1 .224  
1.1,2 

1.14i; 
1.150 

1.12, 
1.115 
1.101 
1 . l l o  
1.19.. 
1.131 
1.130 
1.122 

~ 

3.060 
I I 

.a860 
,3903 

.&60 
.6013 
,3473 
,8662 
.&go 
. gU8 
,3922 

2!92% 
,6918 

. 8@6 
,6482 
,8737 
.69b5 

,6561 

9007 
,8979 

.b222 
h544 
,8629 
,9050 

.92t1 

,5329 
,9023 
,9058 
,9106 - 

t 
,0470 ' .05jl 1 .006608 ' .025 1.41i4 
.OGj j ,0523 ! .006525 .020 1.4487 
,0682 ' ,0850 .009601 .020 1.5660 
,0586 I .Of312 1 .008260 .020 1.4681 

Ij .020 1.4960 
,020 1.4680 

.025 1.4209 

.020 1.4132 

.025 ,1.4182 .025 1.4501 

.020 ,1.5707 

.020 1.4963 
,020 11.4819 

,020 11 .4686 

I I ,0425 
,0449 .050j .006316 

' ,0491 ,006158 1 I I 1 
t 

1 
I ,0796 
1 ,0659 

.ooG329 

.005524 

.005752 

.005897 

.005514 

,007377 

.004994 

. O O > h X  

,005689 

,008469 

,005783 

.005366 

.005100 

.00499 

Note: 0.3211-4 = 0 . 3 2 M 0 4  



TABLE 11.- REAL-GAS SOLUTIONS FOR A I R  

t 

Shock wave 

Field  data l t n e  

O X 8  

ALTITUCE = 1001000 F T  V E L C C I T Y  = 10,OCC FT/SEC 

T B C C Y  D A T A  SHOCK SHAPE 

X6 

.___ 
-0.0947 
-0.0937 
-0 .0906  
-0.0855 
-0.0784 
-0 .0692  
-0.0578 
-0 .0444  
-0.0287 
-0.0109 

0.0092 
0.0316 
0.0564 
0.0837 
0.1134 

0.1806 
0.1456 

0.2182 
0.2586 
0.3019 
0 .3481  
0.3974 
0.4498 
0 .5055  
0 .5645  
0.6269 
C.6928 

P h  I 

R A C  

C. 
0.0254 
0.05C8 
0.0762 
0.1017 
0.1272 
0.1579 

0.2044 
0 .2304  
0.2566 
0.2829 
G. 3 c 9 4  
0.3362 
0 .3632  
0.3905 
C . 4 1 8 1  
0 .4461  
0.4744 
C.5032 
0.5324 
0 .5621  
0.5924 
0.6233 
0.6549 
0 .6873  
0.1206 

0 . 1 7 8 6  

uno 

SLLG/CU F T  

0.2861E-03 
0.2859E-03 
O.2853E-03 
0.2844E-03 
0 - 2 8 3 l E - 0 3  
C.2814E-03 

0 .2769E-03  
0.2794E-C3 

0.2741E-G3 
O.2710E-03 
OS2674E-G3 
0.2636E-03 
0.2593E-03 
C.2548E-03 
0.2499E-03 
0.2446E-03 
C-2390E-03  
C.2330E-03 
0.2267E-C3 
0.2201E-03 
0.2133E-03 
0.2060E-03 
C. 1985E-03 
0.1908E-03 
0.1827E-03 
0.1745E-03 
0. 1 6 6 l E - 0 3  

HT E R R O K  

0.0004 
0. COO4 
O.CO04 
0.0004 

O.CO03 
0.0003 

o .cc02  
0.0002 
0.0001 

- 0 . c 0 0 0  
o.coo1 

-0.0002 
-0.0003 
-0.COO4 

-0.000 7 
-C.C005 

-0.0008 
-0. co  LO 

-0.0013 
-0.COlO 

-0.0018 
-0.0016 

-0.00 1 7  
- c . c 0 1 9  

- 0 . 0 0 1 4  

-c. 00 10 
-0.0011 

P 

L E 1 5 0  F T  

0.3050E  04 
0.3047E 0 4  
0.3040E  04  
0 .3029E 0 4  
0.3012E 0 4  
0.2992E 0 4  
0.2966E  04 
0.2936E 0 4  
0 . 2 9 0 1 E   0 4  
0.2862E  04 
0.2819C  04 
0 .2771C  04  
0 .2719C  04  
0.2664E 0 4  
0.2603E 0 4  
0.2539E 0 4  
0.2472E  04  
0 . 2 4 0 0 E   0 4  
0.2324E 0 4  
0.2245E  04 
0.2164E 0 4  
0.2078E 0 4  
0.1910L  04 
0 .1900E 0 4  
O.1806E  04 

O.1615E  04 
0.1712E 0 4  

M 

0. 
0.036 

0.108 
0.072 

0.145 
0.181 
0.211! 

0.292 
0.255 

0.330 
0.368 
0.406 
0.445 
0.484 

0 . 5 6 3  
C.524 

0.604 
0.645 
0.689 

0.776 
0.732 

0.821 

0.915 
C.868 

0.964 
1.014 
1.066 

Y B  

0. 
0.05C8 

0.1523 
0.1015 

0.2030 
0.2538 
0.3045 

0 .4061  
0.3553 

0 .4568  

0 .5583  
0.5076 

0 .6091  
0.6598 
0.7106 
0. 7614  
0 .8121  
0.8629 
0.9136 
0 .9644  
1 .0151  
1.0659 

1. 1 6 7 4  
1.1167 

1.2182 

1.3197 
1.2689 

X8 

0. 
O.CC04 

O.CC2Y 
O.CC13 

O.CC52 
O.CC81 

0.0159 
0.C117 

0. C264 
0.C208 

0 .0327  
0.C397 
0.C475 
0.0560 
0.C653 
c.c753 
0.C862 
0.C979 

0 .124c  
0.1105 

0. 1384 
0 .1539  
0. 1704 
0.1881 
0.2069 
0 .2271  
0 .2486  

Y E  

C. 
0 .0254 
C.C508 
0.0761 
C. 1015  
0.1269 

C.1777 
C. 1523  

C.2030 
0.2284 
C.2538 
C.2792 
C.3045 
0.3299 

C.3807 
c .3553  

0 .4314  
0.4C6l  

C.4822 
C.4568 

0 .5076  
0.5330 
C.5583 
C.5837 
0 .6091  
0.6345 
C.6598 

v 

FTlSEC 

0. 
0 .1274E 03  
0.254tlE C3 
0.3825E 0 3  
0.5106E 03  

0.7678E C3 
0.6383E 03 

0.8974E 0 3  
0.102BE 04  

0.1291E 0 4  
0.1159E  04  

0.1423E 0 4  
0.1556E 0 4  

O.IR28C G 4  
0. 1694E 0 4  

0.1963E 0 4  
0.2099E 0 4  
0.2239E 04  
0.23R4E C4 
0 .2527E  04  
0 . 2 6 7 l E   0 4  
0.2820C  04 
0.2970E C4 
0.3122E 0 4  
0.3279C C4 
0.3436C 0 4  
0.3598E G4 

r T SCNIC  LINE 1 

1 0.4151 
0.4389 
0 .46  18 
0.4840 
0.5053 
0.5256 

0.5627 
0.5447 

0.5792 
0.5943 
0.6080 
0.6202 
0.6273 

X I ?  Y R  P S I  M RHO 

SLCIG/CU FT 

C. 1681E-03 

0.1769E-03 
0.1130E-C3 

0.1853E-03 
0 .18 lOE-03  

C. 1900E-C3 
0.1950E-03 
0.2C04E-03 
0.2060E-03 

0.2183E-03 
O.212OE-03 

O.2249E-03 
0.2319E-03 

T H t  I A  P 

a b c  LE/SC F T  

O.8 tC8   0 .1644 t  0 4  
0 . a 4 7 6   0 . 1 6 7 5 ~   c 4  
C.8382 

0 .1716E  04  0.83CO 
0 .1753E 0 4  O.HZ29 

0.1700E  04 

0.8167  0.1779E 0 4  
0.811Z O.1807E 0 4  
0.8C64 0 .1835C  04  
0.8020 0 .1863L  0 4  

0.7941 0 . 1 9 2 l C  0 4  
0 .7904  0 . 1 9 4 9 t   0 4  
0.7868 0 .1978€  04  

0.7579 0 . 1 8 9 2 ~  0 4  

v 

FTISEC 

C.3548E C4 

0.3872E 0 4  
C.3722E C4 

C.4027E C4 
0.41AS€ C4 
0.434hE 0 4  
0.4510E 0 4  

0.4846E 0 4  
0.4677E 0 4  

0.5018E i14 
0.5191E 0 4  

0.5540E 0 4  
0 . 5 3 6 5 E  04 

0 .2419  
C.2317 
0 .2222  
0 .2133  
0.2044 
0.1955 
0.1867 
0.1779 
0. 1692 
0.1605 
0.1518 
0.1432 
0 .  1 3 4 6  

0.6521 
C . b b 1 3  
C.6691 
C.6767 

C.692C 
0.6996 
0.7071 
0.7146 
C. 7 2 2 1  
C.7296 
0.7370 
0.7444 

0.6844 

1.050 

1.153 
I .  I C 5  

1.254 
1.202 

1.362 
1.307 

1.419 
1.477 
1.537 
1.599 
1.662 
1.726 

0. 
C.3574E-02 
0,6821E-02 
C.1030E-01 
0.14C3E-01 
C.18C2E-01 
C.2230E-01 
0.2689E-01 
0.318OE-01 
C.3707E-01 
C.4272E-01 
0.4877E-01 
0 .5525E-01  

-0.0257 
- 0 . 0 0 4 1  
0 .0177  
0.03Y6 
0.0616 
0.0836 
0.1054 
0.1270 
0 .1482  
0.1690 
0.1892 
0.2089 
0 .2213  
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TABLE 11.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED 

ALTITUCE = 1001000 FT VELOCITY = 15.CCC FT lSEC 

r 1 B O C Y  O A T A  SHOCK SHAPE 
. . . . . , - .. 

P H I  

R A O  
. 

0. 
0.0237 
0.0474 
0.0712 
0.0950 
0.1189 
0.1428 
0.1668 
0.1909 
0.2151 
0 .2394  
0.2639 
0 .2886  
0.3134 
0.3384 
0.3637 
0 .3892  
0.4149 
0.4410 

0.4941 
0.4674 

0.5212 
0.5488 
0.5768 
0.6054 
0.6345 
0.6643 
0.6949 

. ~ .  . 

" 

M X B  V 

FTlSEC 
.~ .". . . 
0. 
0.1658E 0 3  
0.3315E 0 3  
0.4975E 03  
0.6641E 03  
0.8313E 0 3  
0.9990E 0 3  
0.1167E 04  

HT  ERROR 

0.0002 
o.co02 
0.0002 
0.0001 
0.0001 
o .coo1  
0.0002 
0.0003 
0.0002 

-0.000 1 
-0.0005 
-0 .0005  
-0.000 1 
O.COO6 
0 .0009  
0.0042 
0 .0035  
O.CO25 
0.0008 

-0 .0014  
-0.CO50 
-0.CO47 
- 0 . 0 0 4 0  
-0.0030 
-0 .0013  
-0. c o  1 1 
-0 .0004  
-0.000 1 

Y B  

0. 
0.0474 
0.0949 
0.1423 
0.1897 
0.2372 
0.2846 
0.3320 
0.3795 
0.4269 
0.4743 
0.5217 
0.5692 
0.6166 
0.6640 
0.7115 
0 .7589  
0.8063 
0.8538 
0.9012 
0.9486 
0 .9961  

1.0909 
1.0435 

1 . 1 3 8 4  
1.1858 
1.2332 
1.2806 

RHO 

SLUGlCU FT 

0.3472E-03 
0.3470E-C3 
0.3464E-03 
0.3454E-03 
0.3440E-03 
0.3422E-03 
0.3400E-03 
0.3374E-03 
0.3344E-03 
0.3311E-03 
0.3274E-03 
0.3233E-03 
0.3186E-03 
0.3135E-03 
0 .308 lE -03  
0.301bE-03 
0.2958E-03 
0.2897E-03 
0.2833E-03 
0.2766E-03 
0.2699E-03 
O.2618E-03 
0.2532E-03 
0.2443E-03 
0.2349E-03 
O.2255E-03 
0.2156E-03 
0.2054E-03 

. . - - - - - 

P 

L E 1 5 0  FT 

0.6908E  04 
0.6903E  04 
0.6889E  04 
0.6865E  04 
0.6832E  04 
0.6789E  04 
0.6737E  04 
0.6675E  04 
0.6604E 0 4  
0.6523E  04 
0.6434E  04 
0 .6335E  04  
0.6227E  04 

X B  

." . 

0. 

0.COll 
O.CC03 

O.CO25 
O.CO45 
O.CO71 
0 .0102  
O.Cl39 
0 .0181  
0.C230 
0.C285 
0.C346 
0 . 0 4 1 3  
0.C487 
0.C567 
0.0654 
0.0747 

0 .0956  
0 . 1 0 7 1  
0. 1195 
0.1326 
0.1466 
0 .1616  
0 .1775  
0.1945 
0.2126 
0.2319 

0.0848 

YB 

. . . . - . . . 
0. 
C.C237 
0.0474 
0.0711 
0.0949 

0.1423 
0.1186 

0.1660 
0.1897 
0.2134 
C.2372 
0.2609 
0.2846 
C.3083 
C.3320 
0.3557 
0.3795 
0.4032 
C.4269 
0.4506 
0.4743 
C.4980 
C.5217 
0 . 5 4 5 5  
0 .5692  
0.5929 
C.6166 
0.6403 

0. 
0.034 
0.068 
0.102 

-0.0755 
-0.0746 
-0.0717 
-0.0669 
-0.0603 
-0.0516 
-0 .0410  
-0.0283 
-0 .0135 

0.0033 
0.0224 
0.0437 
0.0674 

0.136 
0.170 
0.204 
0.239 
0.273 0.1336E 04 

O.1506E 0 4  0.308 

0.380 
0.344 

0.416 
0.452 

0.526 
0.563 
0.602 
0.641 
0.681 
0.724 

0.489 

O.1676E  04 
0.1849E  04  
0 .2023E  04  
O.2198E C4 
0.2372E 0 4  

0 . 6 l l l E   0 4  
0.5986E 0 4  

0.0935 
0 .1220  
0.1532 0.2548E  04 

0.2725E 0 4  
0.5855E  04 
0 .5714E  04  
0.5565E 04 

0.1870 
0.2237 0.2903E 0 4  

0.3083E  04 
0.3267E 0 4  

0.5407E  04 
0.5241E  04 

0 .2632  
0.3057 
0.3513 
0.4002 
0 .4525  

0.3456E 0 4  
0.3651E  04 

0 .5065E  04  
0.4881E 0 4  
0.4691E 0 4  
0.4494E  04 
0 .4291E  04  
0.4083E  04 
0 .3867E  04  
0 .3646E  04  

0.767 
0.811 0.3848E C4 

0.4051E 0 4  
0.4264E 04  
0.4471E  04 
0.4685E C4 
0 .4904E  04  

0.856 
0.904 
C.951 

0.5082 
0.5676 
0.6307 
0 .6977  
0.7688 

1.001 
1.053 

i 
" ~ 

F I E L D  D A T A  
- . . . . - . - r I SONIC L I N E  I 

1 _" - 

YE 

- "_ "I . . . . . .. . - 
THETA 

. . "" R A O  

0.8737 
0.8675 
0 .8599  

0 . 8 4 8 1  
0.8534 

0. 8 4 0 0  
0.8437 

0.8369 
0.8343 
0.8320 
0.8301 
0.8283 
0.8266 

P S I  I X8 X f 2  P 

L E I S &  F T  

0 .3658C  04  
0.3690E  04 
0.3742E 0 4  
0.3796E  04 
0.3853E  04 

. ~ ." 
I n 

. . - - . . . . 
1 .050 
1.090 
1.153 
1.219 
1.290 
1.365 
1.446 

1.627 
1.532 

1.728 
1 . 8 3 5  
1.948 
2.069 

SLUGICU  FT 

0.2060E-03 
0.2092E-03 
0.2146E-03 
0 - 2 2 0 8 E - 0 3  
0.2276E-03 
0.2354E-03 
0.2441E-03 
0.2538E-03 
0.2646E-03 
0.2763E-03 
O.2889E-03 
0.3026E-03 

" .. 
F T I S E C  

0.4892E 0 4  
0.5065E 0 4  
0.5328E 0 4  
0.5599E C4 
0.5882E  04 
0 .6175E  04  
0.6478E  04 
0.6791E C4 
0.7117E 0 4  
0.7454E 0 4  
0.7802E  04 
0.8157E  04  
0.8519E 0 4  

0 .2308  
0 .2260  
0.2190 
0.2120 
0.2C5C 
0.198C 
0. 1911  
0. 1 8 4 1  
0 .1172  
0.1704 
0.1635 
0.1567 
0.1499 

0.6390 
0.6429 
0.6488 
C.6547 
0.6606 
0 .6664  
0.6722 
0.6780 
C.6838 
0.6895 
0 .6953  
C.7010 
C.7067 

C .  -0 .0202 
C.29lOE-02 I -0.0013 

0.3589 
0 .3842  
0 .4101  
0.4366 
0.4631 
0.4892 
0.5142 
0.5378 
0.5597 
0.5797 
0.5975 
0.6134 

0 .7556E-02  0.0184 
C.1260E-01 0 .0390  
C.1809E-01 I 0.0603 

0 .3914E  04  
0 .3978E  04  

0.2407E-01 0.0820 
C.3060E-01 0 . 1 0 4 0  
C.3775E-01 0.1259 
0.4559E-01 0.1476 
0.5420E-01 0 .1687  

0.4047E  04 
0.4121E  04  
0.4200E 0 4  
0 . 4 2 8 4 E   0 4  
0.4373E  04 
0 .4468E  04  
-" 
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TABLE 11.- FBAL-GAS SOLUTIONS FOR A I R  - CONTINUED 

ALTITUCE = 100.000 FT VELCCITY = 20,CCC F T I S C C  

@CCY D A T A  
. . . " . . - 

"I --- 
.- . . 

c 

0 .  
0 . 0 3 4  
C.Obd 
0 . 1 0 3  
0 . 1 3 1  
0 .  I I ?  
C.2C7 
0 . ? 4 2  
0 . 2 7 7  
0 . 3 1 7  

0.3H4 
0 . 4 2 1  

0 . 5 3 4  
C.416 

0 . 5 7 2  
0 . 6 1 1  

0 . 6 9 2  
C.651 

0 . 7 3 3  
0 . 7 7 4  

.. . . 

n .  348 

c . 4 5 8  

c . n l t  
0 . 8 6 0  
C.904 
c . 9 4 s  
c . 9 9 5  
1 . 0 4 1  
1.088 

" 

" .  " 

br ~ K K C R  

-. "~ .. ... 
o . c o n ~  
c . c o o 2  
c .  CCC2 
o . c o o 2  
o . c o o 2  
c . c o o 1  
C.CCCI 

- 0 . c o c o  
c . c o o 1  

- c .  c o o  1 
- 0 .  c c o  1 
- c . c 0 0 1  

- 0 .  c o o 2  
-0 . coo1  

-C.COCJ 
- c .  c u o 4  
-0. COO6 

- c .  CO I i 
-0.COCd 

-C.C013 
- 0 . c o 1 4  
-C. C O  1 5  
-C.COl t .  
- 0 . 0 0  1 2  
- 0 .  c o  1 5  

-C.C018 
- 0 .  G O  1 6  

-0.CO20 
- 0 . c o 2 3  

- . ." 

~ 

:1H0 

SLLG/CU F T  

C.4121EGC3 
C.4119E-C3 
C.4112C-C3 
c . 4 c 9 9 c - c 3  
C.4C83L-C3 
C . 4 0 6 l E - C 3  
C.4034C-C3 
0 . 4 0 0 3 C - 0 3  
C .  3967CEC3 
C .  3 '>26E-C3 
C .  3RROE-C3 
C .  3829ECC3 
c . 3 7 7 3 c - c 3  
C.3713C-03 
C .  3649EFC3 
0 .  358OC-C3 
C .  3L106E-C3 
0 . 3 4 2 8 F - C 3  
C.3346EFC3 
0.326OF-C3 
C .  31 70E-C3 
C. 307hF-C3 
C.2')79F-C3 
0 .2877EEC3 
C.2774E-03 
C . 2 6 6 7 C - 0 3  
C.2559F-03 
0 . 2 4 4 9 E - 0 3  
C.2339E-03 

. . . . - . . " 

- 

.... 

v 

F T / S t C  
. ." 

C .  

C.4C7JE c 3  
0 . 2 0 1 3 E   c 3  

C. tO46E i 3  
C.eO69E c 3  
0 . l O l O t  c 4  
0 . 1 2 1 4 1   c 4  
C.1419E C4 
C.1625E L'4 
O . l H 3 2 E  C 4  
0 . 2 0 4 c c  C'I 
C.225CC C4 
C.7461C C 4  
C.2614C 0 4  
0 .2843E L 4  

C . 3 3 ? i t  0 4  
C.31CqE C4 

C.3543E C 4  
0 .  3 7 h i C   c 4  

C.4222E C4 

C.46?11t L 4  
9.4450C C 4  

C.4917E C4 
0 .5123E 0 4  
0 . 5 3 9 4 t  C 4  
0 .5636E C4 

c . 3 9 9 5 ~  c 4  

0 . 5 8 8 0 ~  r4 
0.6124E  C4 

X t ?  

0 .  
O.LC03 
C.LCII 
C.CC25 I). 0 c 4 4  
0.CCbci 
C.CI0C 
0 . C 1 3 t  
0 . C l  I t !  
0.C226 
<:.C27LI 
c . c 3 3 9  
0 .C405 
0 . c 4 1 1  
C . L 5 5 t  
C.C641 
i ) . c 7 3 3  
C . C d 3 i  
h: . i 9  3 i! 
C .  I C 5 2  
2. I 1  7 3  
0 .  1 3 0 2  
c .  1 4 4 c  
0 . 1 5 Y t  
0 . 1 7 4 2  
0 .  1 5 0 6  

C.2267 
0 . ? 4 h 4  

i . 2 c a 2  

- 0 . 0 6 4  3 
- C . 0 6 3 3  
-C.C605 
-Il.0558 
- 0 . C 4 9 2  

. " . 
0 .  
0 .C470 

0 .14C9 
0.0.139 

0 .  1 t l79 

. ... - 
C .  
C .0235 
c . c 4 7 c  
C.C704 
c . 0 0 3 4  
c .  I 1 7 4  
c . 1 4 3 9  
C. 1 6 4 4  

C.2113 
c . 1 e 7 s  

c . 2 3 4 8  

C.2318 
C.25H3 

C .  3053 
C .  3 2 8 1  
C .  3522 
C . 3 7 5 1  
C .  3 4 9 2  
C . 4 2 2 7  
C.4461 
C .  4 6'26 
C . 4 9 3 1  
C.5166 

C.5636 
c . 5 4 0 1  

C.5H7C 
C.6105 
C.6340 
C.6575 

C .  
0 . 0 2 3 5  
0 .  c.4 I C  
0 .07C5 
0 . 0 9 4 1  
0 . 1 1 7 7  
0 . 1 4 1 4  
0 .1651 
c .  1 0 9 0  
0 . 2 1 2 9  
0 . 2 3 7 0  
C.2613 
0 .2856 
0 . 3 1 c 2  
C .  3350 

C .  3852 
C .  36CO 

0 .41C7 
C . 4  364 
C.4625 
0 . 4 8 8 1  
C.5158 

c . 5 7 c 7  
C.5988 
9 . 6 2 7 5  
0 . 6 5 6 8  
O.ha67 
0 . 7 1 7 4  

0 . 5 4 3 0  

0 . 1 2 3 b t   0 5  
0 . 1 2 3 5 t  C 5  
0 .1233C C5 
0 .1229E  05  
0 .1223E C5 
i j . 1 2 1 5 t  0 5  
0.12at r  c 5  
0.11>5r c 5  
0 . l l H 3 C  0 5  
i i . 1 1 6 P T  0 5  
C.1153E  05  
0 . 1 1 3 5 t  0 5  
O . l l l 6 C  0 5  
O . I O . ) b C  0 5  
0 . 1 0 7 4 C   0 5  
0 . lOZCC  05  
S . l C 2 6 t   0 5  
0 . '4Y32t  0 4  
0 . 9 7 1 6 t  0 4  
0 .Y427E C4 
0 . 9 1 2 L t  c 4  
0 . 8 8 1 6 E  0 4  
0 . 3 4 i 6 t  C 4  
0 . 8 1 6 6 C  0 4  
n . 7 8 2 9 ~  0 4  
0 . 7 4 3 4 E  0 4  
0 .7136E 0 4  
0 .6704F  C4 
0 .h433C 0 4  

-0.04LI6 
0.21318 - c . o 3 u 1  
0.23411 

- 0 . 0 0 3 0  0 . 3 1 5 7  
0 .0136  0 . 4 2 2 7  
C.0324 
0 . 0 5 3 5  

0.46156 

0 . 5 6 3 6  0 . 0 7 6 7  
0 . 5 1 6 6  

- 0 . 0 1 7 6  0 . 3 2 0 7  

0 . 1 0 2 4  

C . 1 6 1 1  
0 . 1 3 0 5  

C .  1 4 4 3  
1 . 2 3 1 ~ 2  
C . 2 6 8 9  
2 . 3 1 0 5  
0 . 3 5 > 1  
0 . 4 0 2 9  
c . 4 5 3 9  
C .  5 0 8 4  

0 . 6 2 7 9  
0 . 4 6 6 3  

0 . 7 6 2 5  
C.6932 

0 . 8 3 5 8  

O . t l C 5  
0 . 0 5 7 5  
0 .  7 0 4 4  
0 . 7 5 1 4  
o. 7 ~ ~ 4  
0 . 6 4 5 3  

0 . 3 3 5 3  
O.t!Y23 

O. ' )Yt2 
1.0'132 
1. C H C L  
l . l 2 7 l  
1 . 1 7 4 1  
1 . 2 2 1 0  
1 . 2 6 8 0  
1 . 3 1 5 0  

. .. . . .. .. 
-1 1 F I E L O  [ : A T 4  

" 

Y O  

. -. . . . - 
0 .  3 2 5 6  
0 . 3 4 5 9  
0 . 3 7 5 1  
0 . 4 0 1 4  

0 . 4 5 5 5  
0 . 4 2 8 3  

0 . 4 0 2 4  

0 . 5 3 3 7  
0 . 5 5 7 2  
0 . 5 7 $ 1  
O.bY93 
0 . 6 1 3 3  

0 . 5 0 8 6  

. -  

. ." .. 

c 

- . . - . . . . . 

x e  

." - -  

-0 .0185  
- 0 . 0 0 2 2  

C . 0 1 4 9  
C.0330 
0 . 0 5 2 0  
0.0718 
0 . 0 9 2 3  
c . 1 1 3 1  
0 . 1 3 4 1  
0 . 1 5 5 0  
0 . 1 7 5 5  
C .  1 9 5 7  
0 . 2 1 0 3  
" 

X U  Y D  T H E  r p  

R P l :  

O.RR26 
0 . 8 7 3 0  
0 . 8 6 7 2  
0 . 8 6 2 4  
0 . 8 5 8 5  
C.8553 
0 .8527 
0 .8505 
0 . 8 4 8 7  
0 . 8 4 7 1  
0 . 8 4 5 6  
0 .8443 
0 . 8 4 2 9  

v 

F T / S E C  

C.5925E C 4  
C.6453F C 4  
r. t n 6 ' l E  C 4  
C.7275F C4 
C . 7 6 9 5 1  0 4  
C . P l 2 2 E   0 4  
0.H55411 0 4  
0.e942E C4 
C.9436F  C4 
C.9885E 0 4  
0.1034E  05 
0 .  IO8OE C5 
C . l I 2 h E  C5 

C .  
C.7298E-CZ 
C . 1 3 4 2 E - 0 1  
C . Z r C 8 E - C l  

"" ~ 

C.73C3 
0 . 2 2 z 3  
C . 2 1 6 3  
P.2103 
0 . 7 ~ 4 3  
C. I S H 4  
0 .  1 9 2 4  

C .  1 8 0 6  
C.  l e 6 5  

0 . 1 7 4 7  
0 .  I 6 8 8  
C.  l t ? 9  
C.1571 

C.6384 
C.6449 
C.6409 
C.6548 
C.6597 
C . t 6 4 7  
C.6695 

C.6713 
C.6744 

'2.6841 
C.6H9C 
C.693iJ 
C.6986 

1 . 0 2 c  
I .  1 4 9  
1.227 

I .  390 
1 .307 

1 .475 
1 . 5 6 3  

1 . 7 4 8  
1 .654 

1 . 8 4 5  

2 . 0 5 1  
I . 9 4 6  

2 .160 
" . 

C . 2 7 3 3 E - G l  
C . 3 2 2 0 E - 0 1  
C . 4 3 7 7 E - 0 1  

C.6320E-01 
C.53C7E-Cl  

C . 7 4 2 l E - 0 1  
C . 8 6 2 2 E - C I  
C.9933E-01 
C.1137E-00 

. . . 
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TABLE 11.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED 

ALTITUCE = lon.ooo F T  V E L G C I l Y  = 25.CCC F I / S E C  

r BOCY DATA S H C C K   S H A P E  

Y B  tJ I-T E R R O R  P 

Le/sI :  F T  

0 .1940E  05  
O.1939E 0 5  
0 . 1 9 3 5 E   0 5  
0.1929E 0 5  
0 . l 9 2 0 E  0 5  
0 .1908€  0 5  
0 .  1 8 7 4 E  0 5  
0 . 1 8 1 8 E  0 5  
0.1859C 0 5  
0 . 1 8 3 8 C  0 5  
0 .1814E 0 5  
0.17A8E C3 
0.1759E 0 5  

IJ. 16 151 C 5  
0 . 1 7 2 n t   0 5  

0 .165c l t  C 5  

R H O  

S L U G I C U  F T  

C.4699E-C3 
C.4696E-03 
C.468flE-C3 
0.4675E-03 
0.4657E-03 
0.4633E-G3 
C.4t04E-03 
0.457OEFC3 
C.45PlE-03 
C.4487F-C3 
C.4437E-C3 
C.4 l A 2 E - 0 3  
C.4372E-03 

C.41H8C-03 
0 .4157C-01 

C . 4 c 3 2 t - C )  

C . 3 8 5 7 t - c 3  
C . 3 4 4 7 f - 0 3  

C.3763C-C3 
C. 3 6 6 3 F - 0 3  
0.3560E-C3 
C.3453C-03 
C.3342FFC3 
C. 3227C-03 
0 . j l O Y C - 0 3  
C.ZL?86E-03 
C.2862E-C3 

c . 4 1 ~ 2 r - c 3  

11.2733~-03 

0. 
0. CC03 
o . c o 1 1  
o . c c 2 4  
0. CC42 
0 .  CC66 
0 . c c 9 5  
O.Cl29 
O.Cl6S 
0. C2 14  
0.C265 
0.C322 
i).C385 
0 . c 4 5 3  

C. C608 
0.C695 

0 . C 8 8 9  
0.C789 

c . c s 9 7  
0.11l1 
0 .1233  
0. I 3 6 2  
S .  150C 
0 . 1 6 4 6  

0 . 1 7 6 t  

0.2324 
C.214C 

0 . ~ 5 2 8  

0 .  1 8 0 1  

0. 
0.0229 
C.C458 
C.0687 
0.0916 
C.1145 
0.1374 
C .  1 6 0 3  
0.1832 
0.206C 
C.2289 
C.2518 
c.2747 
C.2976 
C.  3205 
C.  3434 
C. 3 6 6 3  

c . 4 1 2 1  
c. 3892 

C.4350 
0.4579 

c .5037 
C.  5 2 6 6  
c .  5495 
c .5773 
c . 5 9 5 2  

0 . 6 4 1 0  
C . 6 l R l  

c . 4 8 0 8  

0. 
0 . 2 3 2 0 E   0 3  

0. 
C.033 
0 .067 

0 . 1 3 4  
0.100 

0 .167 
c.201 
0 .235 
0 .270 
0.304 

0.374 
c. 3 3 G  

0.41c  

c .403 
C.446 

0 . 5 2 0  
c .557 

C.639 
0.595 

0 . 6 7 3  
0. 714 
C .  7 5 4  
c .  1 9 6  
C.H38 
0.882 
0 .926 
C.Y71 

1.066 
1.018 

0 . 0 0 0 4  
0 .  C O O 4  

-0 .0560 
0.045H -0 .0551 
0. 

0 . 0 0 1 6  -C.O524 

- 0 . 0 4 1 3  0 . l R 3 2  
- C . O 4 T f l  0.1374 

-0.0227 0.7747 
-C.OlO5 

0 . 0 8 1 7  

0.4519 C.0384 
O"1121 0.0200 

0 .  32C5 

0 . 5 4 5 2  0.106H 
0 . 6 4 1 0  C . 1 3 4 3  

0.5037 U.0509 
0.5455 

U.1643 0 . 6 9 6 b  
O . l Y h 9  0. 1326 
c . 2 3 2 1  0.11114 
C.2701 I l . c?42 
' : . 3 1 1 0  3.S7CO 
n.3530 0 . ' ) ~ . 5 8  
d . 4 0 7 0  0. 4615 
c.4523  1.on73 

-0 .0329  1 ~ . 2 2 t l ~  

0 . 0 0 3 8  0.3663 

C . 5 0 6 0  

C.6241 
I . U ' i f l 9  0 . 5 6 ) 2  
1 .0531 

I .  1447 

0.0229 
0.0458 
0.0687 

C.4638E  C3 
0.6960C C3 

O.CO04 
O.CO03 

0 .9290E  03  
0 . l l 6 3 E  0 4  
O.13 ldE 0 4  

0.0917 
0 .1147 
0.1378 

O.CO03 
o . c o o 2  
c . c o c 7  

C.1633E 0 4  
0.1870E 0 4  1 0.1842 

0 . l 6 C 9  
- 0 . c 0 0 0  

o.co01 

0 .2108E  c4  
0 .2347E C 4  
C.2586E 0 4  

-0. c o o  1 

-0.COO4 
-0 .coc3 

-0.COO6 
-0.cooe 

0.2075 
0 . 2 3 1 0  
0 .2546 
0 . 2 7 8 3  
0.3022 

0 .2831E 0 4  
0.3075E C4 
0. 332 I C  C 4  
0 . 3 5 7 5 c   c 4  
0.3821E 0 4  

- c .  c o  1 I 
- 0 . 0 0 1 J  

I). 3 2 6 3  
c .35c5 
0.375C 
0. 3 ' 2 9 A  

0 .45CI  
0 . 4 7 5 1  
0 . 5 0  16 
0.5279 
0.3546 
0 .5818 
0.6C95 
0 .6376 

0.6958 
0.6664 

0.4248 

6 3 1 i  G3 
5 Y 2 t  0 5  
5 4 C t  0 5  
4 1 6 E  C5 
4SCt  0 5  
402c  0 5  
3 5 3 C  05 

2 5 1 E   0 5  
303E C 5  

1Y7E 0 5  

O87E  C5 
143E  05  

-c . TO 1 5 

- c  . CI) I9 
- 0 . C O l 7  

0 . 
0. 
0. 

0. 
C.  

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
n. 

1, 
I 
1 
I 
I 
I 
1 
1 
1 
1 
I 
1 

O. lO3 lE   05  

C.4073E C4 
0.4321k 0 4  
0.4587E C 4  

C.5116E 0 4  
0.5381E C4 
0 . 5 6 5 l E  C4 

0 .6201E C4 
0 .5925C  04  

0 . 4 8 5 3 ~   c 4  
- 0 . 0 0 2 1  
- 0 . c o 2 0  
-0 .co24 
- 0 . c 3 2 7  
-0 .0029 

-0.00 3 7 
-0.00 3 3 

-0.C03'i 
-0 .0043 
-0.CO46 

0 .64Y2E  c4  
0 . t 7 6 8 E  C4 

0 .6888 
1 .2363 11.7574 
1 .19C5 

~ 1 . 8 3 0 2  1 . 2 8 2 1  0 . 7 0 6 0 ~  0 4  

1 F I E L D  C A T A  I .___ 

T I i E T A  

R A C  

C.8874 
0 .8795 

0.8 709 
0 .0748 

0.8679 
0.8655 
0.8636 
0 .8621 
0.8609 
0.86CO 
0.8592 
0.8584 
0.8578 

YH M YE V 

F l l S E C  

C. t96?E  (4  
0.7631E C4 
0 .8178E 0 4  
U.8736E L4 
0.9303E C4 
0 .9871E 0 4  
0.1046C  05 
O. l lO6E C5 
O.1166E 0 5  

0 .1290E  05  
0 .1228E  05  

0.1352E  05 
0.1415E 0 5  

P 9 H i l  

L B / S C   F T  sLu l l / c l l  F r  

0.105CL o s  0.7717C-C3 
O.lO62E 0 5  

0.112YC 0 5  
0 . 3 l l B E - 0 3  O . l l l 3 E  0 5  
0. 3036E-03   0 .1098E  05  
C.2Y63E-03  O.IOd5E  05 
C.2898C-03  0.1073E 0 5  
C.2840E-03 

C.342YE-03  O. l l66E  05  
C. 3313E-03  0 .1147E  05  
C.32lOC-03 

0 . I212E  05   0 .3706E-03  
O. l l 88E   05   0 .3559E-03  

0.1238E 0 5  0.3872E-03 
0.1266E  05  C.4060E-03 

0.2261 
0.2196 
0 .2144 
0.2CV2 
0.2040 
0.1988 
0.1937 
0. l 8 H 5  
0.1834 
0 . 1 7 8 2  
0. 1 7 3 1  
0.1680 
0.163C 

C.6334 
0.63R7 
C.6429 
C.6471 
C.6514 
0 .6556 
0 -  b 5 9 8  
C.6640 
C .  b 6 8 2  

0.6765 
0 .6724 

0.6807 
0.6848 

1.05C 
I .  158 
1.247 

1.436 
l .34C 

1.536 
1.639 
1.747 
1.859 
1.975 
2.0'37 
2.224 
2.358 

-C.OlbO 
- 0 . 0 0 1 2  

0 . 0 1 4 6  
C.0316 
0.04Y8 
0 . 0 6 9 2  
0 .0895 
0. I 1 0 5  
0.1317 
0 .1528 
0.1736 
0.1938 
0 .2072 

0.3OC8 
0. 3 2 5 1  
0.3510 
0 .3785 
0.4074 
0 . 4 3 7 0  
0 .4667 
0.4958 
0.52 35 

0.5736 
0.5495 

0 . 5 9 5 6  
0 .6094 

C .  
C.8332E-02 
O.1580E-Cl 

C.3297E-01 
lC.24COE-01 

C.6534E-01 
C.7824E-01 
C.9238E-01 

C.1249E-00 
10.1437E-OQ 

~ C . l O 7 9 E - C C  
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TABLE 11.- F33AL-GAS SOLUTIONS FOR AIR 

ALTITUCE = 100,000 FT  VELOCITY = 30,OCC FT/SEC 

"_ 1 B O C Y  DATA 
"_ 

Y B  

- - . - . . . . 

RHO 

SLUGICU FT 

0.4847E-03 
0.4844E-03 
0.4837E-03 
C.4824E-03 
C.4806E-03 

0 .4756E-03  
0.4784E-03 

0.4723E-03 
0.4683E-03 

0.4593E-03 
0.4640E-03 

0.4542E-03 
0.4486E-03 
0.4421E-03 

0.4255E-03 
0.4348E-03 

0.4179E-03 
0.4599E-03 
0.4016E-03 

0.3843E-03 
0.3931E-03 

0.3757E-03 
0.3650E-03 
0.3540E-03 
0.3426E-03 
0.3309E-03 
0.3189E-03 
0.3063E-03 
0.2937E-03 
0.2807E-03 

. - - - . . . . . . . - 

"- 
K 

I - . -. . . . 

PI- I 

RAD 
~- 
0. 
0.0224 
0.0449 

0 .0898  
0.06 73 

0.1123 
0.1349 
0.1576 
0.1803 

0.2261 
0.2032 

0.2492 
0.2724 

0 .3193  
0.2958 

0.3430 
0.3669 

0.4155 
0.3911 

0.4401 
0 .4651  

0.5159 
0.4903 

0.5683 
0.5419 

0.5952 
0.6225 

0.6187 
0.65C3 

0.7078 

. - . . . . . . . . . 

P 

L B / S C  F T  

0.2796E 0 5  
0 .2794E  05  
0.2789E 0 5  
0.2780E  05 
0 .2767E 0 5  

0 .2732E  05  
0.2751E 0 5  

0.2709E 0 5  
0 .2683E  05  
0.2653E 0 5  
0.2619E  05 
0.2582E 0 5  
0 . 2 5 4 2 E   0 5  

O.2452E  05 
0 .2499E  05  

0 .2349E  05  
0.2402E  05 

0 .2293E  05  
0 .2234E  05  

0 .2108E  05  
0.2172E  05 

0 . 2 0 4 1 E   0 5  
0.1972E 0 5  
0.1901E  05 
0.1828E  05 
0.1754E  05 
0.1678E 0 5  
0.1601E  05 
0.1522E 0 5  
0 .1443E  05  

-. - .. . . . - . . .. -. 

-. . " - - -. . 

X8 

"" . - 
-0.0536 
-0.0527 

-0 .0455  
-0.0500 

-0 .0310  
-0 .0392  

-0.OOYO 
-0 .0209  

0 .0050  
0.0209 
0.0389 

0 . 0 8 1 4  
0.0591 

0.1060 

0.1624 
0.1330 

0.1943 
0.2289 
0 .2662  

0 .3495  
0.3064 

0 .3957  
0 .4452  

0.5543 
0 .4980  

0.6142 
0.6778 

0.8171 
0.7454 

0 .8930  _~ 

X8 

0. 
0. CC03 
0.COlG 
O.OC23 
O.CO40 
O.CO63 
O.OC91 
O.Cl24 
0.C162 
0.C206 

0.C309 
0.C254 

0.0369 
0.C434 

0.C583 
0.C506 

0.0666 
0 .0756  
0.C851 
0.C954 
0.1063 
O . l l 8 C  
0.1303 
G .  1435 
0.1574 
0.1721 
0.1877 
0.2042 
0.2217 
0.2401 

Y B  

C.0224 
0. 

C.0673 
C.C448 

0.0897 
0.1121 
0.1345 
C. 1569  
0.1794 
0.2018 
0.2242 
C.2466 
C.2691 
C.2915 
0.3139 
c. 3363  
0.3587 
0 .3812  
0.4036 
C.426C 
0.4484 
C.4708 
0.4933 
C.5157 
0.5381 
0.5605 
0.5829 
C.6054 
0.6278 
0.6502 

V 

F T I S E C  

0. 

0.5404E  03 
0.2703E 0 3  

O.8108E 0 3  
O.lO82E 04 

0 .1628E 04 
0.1354E  04 

0.2178E 04 
0.1902E  c4 

0.2732E 04 
0.2455E C4 

0 .3294E 04 
0.3011E C 4  

0.358OE 04 
0.3869E  04 
0.4177E  04 
0.4466E 04 
0.4753E  04 
0.5038E  04 
0.5325E 04 
0.562OE  04 
0 .5918E 04 
0.6226E 04 
0.6536E  04 
0.6850E 04 
0.7167E  04  
0.7486E 04 
0.7816E 04 
0 .8144E  04  
O.8479E  04 

hT E R R O R  

. - . - - - - 
0.0002  
0 .0002  

0 .0002  
c .co02  

0.0001 

-0.c000 
0.0000 

0.0003 
0.0001 

0.0003 

-0.0006 
0. c o o 0  

-0.00 1 1 
-0.0008 

o .co02  
0.0045 
0.0041 
0.0033 
0 .0021  

-0 .002  1 
o .co02  

-0.0057 
-0.CO56 
-0.CO52 
-0.0050 
-0.0050 
-0.0047 
-0.CO36 

-0.0029 
-0.0036 

0. 
0.0448 
0.0897 

0 .1794  
0.1345 

0 .2242  
0 .2691  

0.3587 
0.3139 

0 .4036  
0.4484 

0.5381 
0.4933 

0 .5829  
0.6278 
0.6726 
0.7175 
0.7623 
0.8072 

0.8968 
0.8520 

0.9865 
0.9417 

1.0314 
1.0762 
1 .1211  
1.1659 

1.2556 
1.2107 

I .  3004 

0. 
0.032 
0.065 

0.129 
0.097 

0 .162  
0.195 

0 .261  
0 .295  
C.328 

0.397 
C.362 

0.432 
0.468 

0.541 
C.505 

0.577 
0.614 
0.651 
0.69C 
0.731 
0.771 
C.812 
0.855 
0.898 
0.942 
0.987 
1.034 
1.081 

0.228 

r T FIELO C A T A  
. . . . . . . - . . - " 

P S I  

- - . . - - 
0. 
0 .7600E-@2 
0.1654E-01 
O.2643E-01 
0.3734E-01 
0 . 4 9 3 9 ~ ~ 0 1  
C.6270E-01 
0 .7741E-01  
0.9369E-01 
O.1117E-00 
0.1318E-GO 

0.1789E-00 
C.1540E-00 

"" 

INE 

Y t l  

- 

V 

RAE" F T I S t C  

THETA 

0.8260E 04 

0.8755 0.9561E C4 
0.8717 0.1025E 0 5  

0.8803  0.8886E  04 
0 . 8 8 6 1  

0.1096E 0 5  0.8688 
0.1168E 05 0.8665 
0.1242E 0 5  0.8648 
0.1319E 0 5  0.8635 
0.1397E 0 5  
0 .1476E 0 5  

0.8625 

0.8603 0.1724E 0 5  
0.8607 0.1640E 0 5  
0.8612 0.1558E  05 
0.8618 

. " " . . - - 

P 

"" 
LBISG LF..~ 

0.1495E 0 5  
0.1507E  05 
0.1521E  05 
0 .1537E  05  
0.1556E  05 

O.1599E  05 
0.1576E 0 5  

0 .1625E  05  
0 .1654E  05  

0.1723E  05 
0 .1686E  05  

0 .1809E  05  
0.1763E  05 

. - . . - . . - . -. - 

RHO 

- S L U G I ~ U  . .. ET 
O.2892E-03 

0.3012E-03 
0.2944E-03 

0 - 3 0 9 3 E - 0 3  
0.3183E-03 
0.3286E-03 
0.3402E-03 
0.3533E-03 
0.3681E-03 
0.3850E-03 
0.4042E-03 
0.4262E-03 
0"+514E-03__ 

X 8  Y B  

1.050 
1.136 
1.233 
1.333 
1.439 

1.666 
1.550 

1.790 
1.920 
2.057 
2.202 

2.518 
2.356 

". . 

-0.0150 
-0.0006 

0 .0323  
0.0152 

0.0510 
0 .0710  
0.0922 
0.1141 
0.1363 
0.1583 
0.1799 

0.2090 
0.2009 

_" 

0.228C 
0 .2234  
0 .2184  
0.2135 
0.2086 

0.1988 
0.2037 

0.1939 
0.1890 
0.1842 
0 .1793  
0 .1745  
0.1697 

0.6356 

0.6434 
0.6394 

0.6515 
C.6475 

0.6595 
0.6555 

0.6635 
0.6674 
0.6714 
0.6754 
0.6793 
0.6832 

0.2920 
0 .3167  
0.3436 
0.3725 
0.40 32 
0.4349 
0.4668 

0.5275 
0.4979 

0.5549 
0.58C2 

0.61  16 
0.6031 
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TABLE 11.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED 

ALTITUDE = 100,000 FT VELOCITY = 35.000  FTlSEC 

1 B O O V  DATA SHOCK SHAPE 

X B  YB P H I  

R A C  

P 

L B I S P  F l  

RHO 

SLUGICU F T  

HT ERRCR YB V 

FT/SEC 

M X B  

0. 
O.CO04 
O . C O 1 6  
0. GO36 
O . C C 6 4  
0 .c100  
0.0144 

0 .0258  
0.C197 

0.C327 
0.C406 
0.C493 
0.0590 
0 . 0 6 9 6  

C. 
0.0282 
0.0564 
0.0846 
0.1128 
C. 1409 
0.1691 

0.2255 
0.1973 

C.2537 
0.2819 
0.3101 
c. 3383 
C. 3665 
0 .3946  
0.4228 
0 .4510  

0.5074 
C.4792 

0 .5356  
0.5638 

0.6202 
C.5920 

0.6484 

0. 

0.82OOE 03  
0.1231E 04 
0.1645E  04 
0.2061E  04 
0.2478E  04 

0.3320E  04 
0.2897E  04 

0 .3746E  04  
0.4176E  04 
0.4609E 04 
0.5052E 04 
0.5496E  04 
0.5943E 04 
0 . 6 3 9 8 E  0 4  
0 . 6 8 6 5 C  0 4  
0.7352E 04 
0.783YE 04 
0.8329E  04 
0.8813E C4 

0.Y872E 04 
0.9348E 04 

0.1041E 0 5  

n . 4 1 0 0 ~   0 3  
0. 
0 .0282 
0.0564 
0.0847 
0.1130 
0.14 14 
0.1700 
0.1986 
0.2275 
0.2565 
0.2858 
0 .3153  
0.3451 
0.37S2 
0.4057 
0.4366 
0.4679 
0.4998 
0.5322 
0.5652 
0 .5990  
0.6335 
0.6690 
0.7054 

0.3795E  05 
0.3791E 0 5  
0.3779E 0 5  
0 .3760E  05  
0.3734E  05 
0.3700E 0 5  
0.3658E 05 

0.3552E  05 
0.3609E 0 5  

0.451bE-03 
0.4512E-03 
0.4500E-03 
0.4481E-03 
0.4454E-03 
0.4418E-C3 
0.4375E-03 
0.4325E-03 
0.4267E-03 
0.4201E-03 
0.4127E-03 
0.4045E-03 
0.3956E-03 
0. 3860E-03 
0.3757E-03 
0.36‘17E-03 
C. 3530E-03 

0. 3 2 7 5 t - C 3  
C. 3409E-C3 

0.3137E-03 
U.2992E-03 

0.2691E-03 
C.2843E-03 

0.2534E-03 

0. 
0 .041 
0.083 
0 .125  
0.167 
0.209 
0.251 
0.2’34 
0.337 
0 .381  
0.425 
0 .470  
0.516 
0.562 
0.609 
0.657 
0.707 

0.812 
C.760 

0.920 
0.977 
1.035 
1.096 

0 . 8 6 5  

-0 .co15 
-0.0015 
-0.0014 
-0.0012 
-0.0009 
-0.0005 
-0.0000 

0.COlC 
0.0005 

-0.0574 
-0.0559 
-0 .0517  

-C.O346 
-0.0446 

-0 .0216  
-0 .0055  

0.0137 
0.0363 
0 .0623  
0.0919 
0 .1253  
0.1628 
0 .2044  
0.2506 
0 .3014  
0 .3573  

0 .4851  
0 . 5 5 7 7  
0.6366 
0 .7220  

0.4184 

0.n144 
0.9140 

0. 
0.0564 
0.1128 
0.1691 
0.2255 
0.2819 
0.3383 
0.3946 
0.4510 
0.5074 
0.5638 
0.62C2 
0.6765 
0.1329 
0.7893 
0.8457 
0 .9021  
0.Y584 
1.0148 
1.07 I L  
1.1276 

I .  2 4 0 3  
1.1839 

1.2967 

0.3488E 0 5  
0 .3417E  05  

0.0016 
0 .0025  

0 . 3 3 j Y E   0 5  
0 .3255E  05  
0.3163E 0 5  

0.0035 
0.0047 
0.0057 
0.0067 
0.0076 

0.C812 
0.C938 

0.3064E 0 5  
0 . 2 9 5 Y t  0 5  

0 . 1 0 1 5  
0 .1223  
0.1383 
0.1556 
0. 1 7 4 1  

0.2155 
0. 194 I 

0 .2387  

0 .2847E  05  

0 .2606E  05  
0.2730E 0 5  

0.0085 

0.0108 
0.0091 

0 .0127  
0 .0149  

0 . 2 4 7 8 t  0 5  
0.2345E 0 5  
0.2209E 0 5  
0.2069E 0 5  
0.1928E  05 

0.C169 
0 .0187  
0.0206 

S O N I C  L l N t  

1 
I L C  C b r A  

!J 

~~ 

L B l S Q  FT  

0.2035E 0 5  

0.2083E  05 
0.2061E  05 

0.2107E  05 
0.2135E O S  
0 .2166E 0 5  
0.22OOE 0 5  
0.2240E  05 
0.2286E 0 5  

0.2397E  05 
0 .2466E  05  

0 . 2 3 3 8 ~   0 5  

P S I  

x 0  I Y B  T H E T A  

R A C  

0.8937 

0.8802 
U . 8 8 5 1  

0.8763 
0.8132 
0.8707 
0.8688 
0.8673 
0.8661 
0.8653 
0.8646 
0.8641 

V 

FTISEC 

0.1000E 0 5  
0. 1094E 0 5  
0.1168E C5 
0 .1244E  05  
0.1324E  05 
0.1407E 0 5  
0.1495E 0 5  
0 .1588E  05  

0.1791E  05 
0.1900E  05 
O.2014E 0 5  

0 . ~ 6 8 7 ~  05  

M 

___ 
1.050 
1 . 1 5 8  
1.246 
1.340 
1.442 
1.552 
1.674 

1.966 
1.810 

2.139 
2.333 
2.549 

0. 
C.1269E-01 
C .234 lE -01  
0.3528E-01 
0.4845E-01 

0 .7960E-01  
C.6314E-01 

0 .9814E-01  
O . l l 9 1 E - 0 0  
C.1429E-CO 
0.1701E-00 
C.2013E-00 

-0 .0176  0.2968 
-0.0024 0 .3221  

0.0142 0.3495 

O.2653E-03 
0.2746E-03 
0.2833E-03 
0.2936E-03 
0.3059E-03 
0.3204E-03 
0.3375E-03 
0.3574E-03 
0.3801E-03 
0.4060E-03 
0.4364E-03 
0.4727E-03 

I 1 0.6455 
0.2034  0.6413 

0.6497 

0.0322  0 .3790 
0.0519 0.41C3 
0.0730  0.4426 
0 .0952  

0.5058 0 .1179  
0.4748 

0.6032 0,2025 
0.5849 0 . 1 8 4 6  
0.5612 0.1630 
0 .5347  0 .1407  

0.1876 
0.6582 0 -  1824  
0.6539 

0.6749 0.1616 
0.6707 0.1668 
0.6665 0 .1719  
0.6623  0.1771 

I I 



TABLE 11.- REAL-GAS SOLUTIONS FOR AIR - CONTINUi3D 

A L T I T U D E  = 1 0 0 , 0 0 0  F T  V E L C C I T Y  = 4 0 , C O C  F T l S E C  

-~ "" _ .  .~ _" ___ 1 1 SHCCK SHAPE 8 C C Y  O A T 1  
_I" 

V 

FT/SEC 
I."___ 

0. 
0 . 4 7 4 8 t  C 3  
0 . 1 4 9 8 t  C 3  
0 .1426E 0 4  
0.1905E 0 4  
0 . 2 3 R l t  C4 
0.2872E C4 
O.1362E 0 4  
0.385>E 0 4  
0.4354E C4 
0 . 4 8 5 6 t  C4 
0.5364E 0 4  
0.5894E 0 4  
0 . 6 4 1 2 E  c 4  

0.7453E 0 4  
C.798')C G 4  
0.8531E C4 
0.9070E C4 
3.9616C 0 4  
O . l C l 7 E  0 5  
C.1073E C S  
O . l l 3 1 E  0 5  
0 . l l ~ O C  0 5  

0 . 6 9 3 0 ~  c 4  

Y R  Y 8  P H  1 

R A E  
- 

0. 
0.0285 

0.0857 
0 .0571  

0. I 1 4 4  
0 .1432  

0 . 2 c 1 1  
0.1721 

0.2597 
0.2303 

0.2894 
0 . 3 1 Y 3  
0.3495 
0 . 3 8 C l  

0.4424 
0.4111 

0.5C67 
c.4743 

0.5397 
0 .5733  
0.6077 
0 .6428  
0.6788 
0.7158 

X B  

0 .  
0. COO4 

0.CC37 
O.CC16 

O.CC65 
0 .0102  
0.C147 
0 . c 2 0 1  
0. C264 
0.C335 
0 . C 4 l t  
0. C50S 
0.Cb05 
0.C714 

0. C965 
0.C834 

0. 1259  
O . l l 0 t  

0.1425 
0.1602 
0 .1793  
0. I 9 9 8  

0 .2452  
0 .2217  

0. 
0 .0571  
0.1142 
0.1712 
0.2283 

0 .3425  
0.3995 
0 .4566  

0.57C8 
0.5137 

0 . 6 8 4 9  
0.6278 

0.7420 
0.7991 
0 .8561  
0 .9132  
0.97C3 
1.0214 
1.0844 
1 .  1415 
I .  1986  

1.3127 
1.2557 

0.2854 

0.4Y53E 0 5  
0.4Y48E 0 5  
0 .4933E  05  

0.4872E 0 5  
0 .4908E  05  

0 .4827E  05  
0.4772E 05  
0.4706E 0 5  
0.4631E  05 
0 . 4 5 4 6 C  05  
0 .4451E  05  
0 .4346E  05  
0 .4233E  05  

0.3979E  05 
0 .4110E  05  

0 . 3 8 4 0 E  05  
0 .3695E  05  
0 .3543E  05  
0 . 3 3 8 8 t   0 5  
0 .3228E  05  
0 . 3 0 6 4 E  0 5  
0 . 2 8 9 5 t   0 5  
0 .2722E  05  
0 .2545E  05  

0.4457E-03 
C.4453E-03 
0.4441E-03 
0 . 4 4 2 l E - 0 3  
0.4393E-03 
0.4357E-03 
0.4313E-03 
0.4261E-03 
0 .4201E-03  

C.4056E-03 
C.4132E-03 

0.3972E-03 
0 . 3 8 8 2 E - 0 3  
0.3782E-03 
C. 3676E-C3 
0.3564E-03 
C.3445E-03 

C. 3194E-123 
0.3322E-03 

0 . 3 0 6 l E - 0 3  
0.2925E-03 
C.2784E-03 
C.2640E-C3 
O.2489E-03 

-0.CO24 -0.05d6 
-0.CO24 -0 .0572  
-0 .0022  -0 .0529  
-0.G019 -0.0457 
-0.CO14 -0 .0356  
-0 .0009  -0 .0225  
-0.0002 -0 .0062  

0 .0006  
0 .0016  

0 .0132  
0 .0360  

0.0028  0.0623 
0 .0041  
0 .0054  

0 .0922  

0.0069 
0.1259 

O.CO85 
0 .1636  
C.2055 

0.0120 
0 .0102   0 .2520  

9.3031 
0 .0139  0 .3592  
0.0159 
0 .017Y 

C.4206 

0.0205 
0 .4876  
0 .5604  

0.0226  0 .6395 
0.C254 
0.0277 

0 .7251  

0.0303 
0.8176 
0.91 75 

C. 
C.0285 
C.0571 
C.OR56 
c. 1142  
C.  1427  
C.  1712  

0 .7283  
C.2568 
C.2854 
0..3139 
C. 3425 
C.371C 
c. 3995 
0.4281 
C.4566 
C.4851 
C.5117 
c .5422  
C.5708 
0.5993 
C.6278 
C.6564 

a. 1418 

0.529 
0 .576  
0.624 
0.672 
0 .722  
0 .772  
C.823 
0.874 
0.5127 
0 .981  
1.037 
1.095 

r S C h l C  L I N E  r 

i 
_" __- 

i l H O  

_- __ S L L G I C U  F T  

G.2605E-03 
C.2653E-03 
C .2720 t -03  
0.2796E-03 
O.208ZE-03 

G.3094E-03 
C. 2980E-03  

0.3228E-03 
0.3386E-03 
0.3577E-03 
C.3815E-03 
0.4111E-03 
0.4508E-03 
- 

~- 

T P E T A  

RAE ___~ 
0.8911 
0.8856 
0 . 8 8 C I  
0.8755 
0.8119 
0.8690 
0.8667 
0 . ~ 6 4 9  
0.8635 
0 .8623  
0.8614 
0.8605 
0.8597 
"" 

XI? y n  I v  L B I S C  F T  

PSI !J 

1.05C 
1.114 
1.198 
1.288 

1 . 4 8 4  

1.708 
1.592 

1.835 

2.130 
2.300 
2.493 

1.383 

1.975 

t F T l S E C  

C.6344 0 . 1 1 4 4 E  C5 
0.6379 0.1208E  05 
0 .6423  0.1291E C5 
C.6466 C.1376E C 5  

__"I__ 

C .  
0 .8312E-02 
C.1981E-01 

G.4636E-01 
C.3245E-01 

C.6169E-01 
C.7861E-01 
C.9733E-01 
C . 1 1 8 l E - 0 0  
0.1414E-00 
C.1676E-00 

0 .2315E-00  
0.1973E-00 

-0.OlM5 
- 0 . 0 0 3 3  

0.0131 

0.0499 
0.0308 

0 .0701  
0 . 0 9 1 4  
0.1134 
0 . 1 3 5 8  
0.1581 
0.1801 

0.2073 
0 .2015  

0.3003 
0.3250 
0. 3515 
0.3798 
0.40G4 
0 . 4 3 5 9  
0.47C5 
0.5004 
0.5290 
0.55551 
0.58C7 
0 . 6 0 3 4  
0.6093 

0.227C 
0 .222  7 
U.2173 
0.211s 
0.2C65 
0 . 2 C l l  
0. 1958  
0.1904 

O.2h82E  05 
0 .2700C  05  
0 .2726E  05  
0 .2754E  05  
0 .2786E  05  

0 . 2 8 5 9 t   0 5  
0 . 2 8 2 0 t  0 5  

0.2902E  05 
0 .2950E  05  

0 . 3 0 6 3 E  0 5  
0 .3003E 0 5  

I 0 . 3 2 1 I E  05  
0 . 3 1 1 2 t  0 5  

46 



ALTITUCE = 100,000 F T  VELCCITY = 45.CCC FTISEC 

@CCY D A T A  SHOCK SHAPE 

Y R  

C. 
C.0229 
C.0459 
0.0688 
0.0917 
C. 1146  
C .  1376  
0. I 6 0 5  
C. 1 8 3 4  

C.2293 
C.2C64 

C.2522 
C.2751 
C.2981 
C.3210 
0.3439 
0.3668 
c. 3898 
c .4127 
C.4356 
0 .4586  
C.4815 
C.5044 
0.5273 
C.5503 
0.5732 
C.5961 
0.6191 
C.642C 

P h  I 

R A C  

0. 
0.0229 
0.0459 
0.0688 
0.0918 
0.1149 
0.1380 
0.1612 
0 . 1 8 4 5  
0.2078 
0.2313 
0.2550 
0.2787 
0.3027 
0.3268 
0 . 3 5 1 1  
0.3756 
0 . 4 0 0 4  
0.4255 
0 . 4 5 0 8  
0.4765 
0.5025 
0.5288 
0.5556 

0.6106 
0.5828 

0.6388 
0 .6676  
0 .6970  

.. . . 

M XB 

- -~ ~ 

0. 
O.CO03 
c .cc11 
O.CC24 
O.CC42 
O.CC66 
o .cc95  
0.0129 
0.C169 
0.C215 
0.C266 
0.C323 
0.C386 
0.C455 
0.C529 

0.0698 
0.C6lC 

0.0792 
0.C893 
0. 1 c o c  
0. 1115 

0 .1368  
0. 1238 

0.1653 
0 .1507  

0. 1809 
0 .1973  
0.2147 
0 .2331  

. . . . . . . 

P 

L a l s c  F T  

0.6269E 0 5  
0 . 6 2 6 5 t   0 5  

V 

F T I S E C  

0. 
0.4267E C3 
0.8531E 0 3  
0.12flOE 0 4  

H T  ERHCR 

-0.CO45 
- c . c c 4 5  
-0.CO42 
-0.0039 

-0 .co27  
-0 .co34  

-0.CO18 
-0 .coo7  

O.CO03 
o .cc14  
O.CO2h 
O.CO44 
C.C068 
c .  c 0 9 s  
0 . 0 1 l J  
0 .0193  
0.C2OH 
C . C Z I ' )  
O.C?20 
O.C?lO 
O.Cl67 
c . c 2 0 1  
0.C246 

0 . c 3 4 7  
0 .0297  

0.C389 
0 .0436  
0 . 0 4 8 0  
0 . 0 5 3 4  

- -~ 

Y R  

0. 
0 . 0 4 5 9  
0.0917 
0.1376 
0 . 1 8 3 4  
0.2293 
0 .2751  
0 .3210  
0.  3668 
0.4127 
0 .4586  
0 .5044  
0.5SC3 
0 .S96 l  
0 .6420 

0.7337 
0. 77S6 
0.R254 
0 .8713  
0 .9171  
0 .9630  

1.0547 
1. IOC5 
I .  1464 
1. l Y 2 3  
1 . 2 3 8 1  
I .  2 8 4 0  

0.6378 

I .  0088  

RHO 

SLbG/CU F T  

0.4486E-03 
0.4483E-C3 
0.4475E-03 
0.4462E-03 
C.4443E-03 
C.441flE-C3 
0 .4388E-03  
C.4353E-03 
0.4312C-03 
C.4267E-C3 
0.4217E-03 
0 . 4 1 6 0 t - 0 3  
0.4CY5E-03 
C.4C25E-C3 
0. 395?E-03  
0.3856E-03 
c. 3 I 7 8 C - 0 3  
C .  3697CFC3 
0.3615E-03 
0.3533E-03 
0 .3458E-03  
C.  3352E-C3 
0.3242E-03 
0.3128E-03 
0 .3012E-03  
C.2897E-03 
0.2778E-C3 
0 .26h lE -C3  
0.2540E-03 

~ ~~~~~ 

. . .. . ~ 

X 0  

-0 .0586 
-0.0576 
-0.0549 
-0.0503 

-0 .0354  
-0 .0438  

-U.O129 
- 0 . 0 2 5 1  

0 . 0 0 1 4  
0 . 0 1 7 8  
0 .0363  
0 .0570  
0.07Y9 
c. I C 5 3  
0 .1331  
0 . 1 6 3 4  
0. I 9 6 4  
0.2322 
0.2709 
0 . 3 1 2 6  
n. 3574 
0.4055 

0 .5122  
0 .4571  

0 .5711  
0.6338 
0. 7006 
0. 7716 
C.8411 

C. 
C.035 
0.07C 
0 .104  
0 .139  

0 .210  
C.174 

c .245 
0.281 
0.317 
0.353 
0.39U 
0.427 
0 . 4 6 4  
0 .501  
0.538 
C.576 
C.615 
C.654 
0 .694  
0 .73>  

0 . 8 1 8  
C. 176 

0.862 
0.9CtJ 

0.994 
C.951 

1.082 
1.038 

. . .  

0.6253E 0 5  

0.6204E  05 
0.6167E C5 

0 . 6 2 3 2 ~   0 5  
0.1709C 0 4  
0.2140E C4 
0.2573E  04 
0.3007E 04  
0.3443E 0 4  
0.3R83E C4 
0.4327E C4 

0.6122E 0 5  
0.6069E 0 5  
0.6008E 0 5  
0.5939E C5 
0.5861E 05 

0.4776E  04 
0.522flE 0 4  

0.5776E 0 5  
0 .5683E  05  
0 . 5 5 8 2 t   0 5  
0 . 5 4 1 4 E  0 5  
0 . 5 3 5 9 t   0 5  

0.5680E C 4  
O . t l 3 3 E  C4 
0.6588E C4 
0.7053E 0 4  
0.7517E C4 
0.79R2E C 4  
C.8461E 0 4  

0.5236E 0 5  
0.5106E O S  
0 . 4 9 7 0 ~  0 5  
0.4828E 0 5  
0.46HOC 0 5  
0.4526E 0 5  
0.4369E  05 

0.8925E 0 4  
0.9420C C4 
0.9922E C4 
0 . 1 0 4 4 E  05  
0 .1099E  05  
0.1150E 0 5  
0.1201E  05 
0.1252E 0 5  

0.4207E O S  
0 .4040E  05  
0.3872E 0 5  
C.3701E 0 5  
0.3530E 0 5  

0 . 1 3 0 4 C  05  

" .. . - 

1 F lCLO C A T A  S C N I C  L I N E  

YE 

0.2195 
0 .2154  
0.2C9Y 
0 .2043  
0.1988 
0 .1933  
0.1879 

0.177C 
0.1824 

0 .1715  
0 .1661  
0.1607 
0.1554 

Y O  

. . " 

C.6252 
C.6285 
C.6329 
C.6373 
0.6416 
0.6460 
0.6503 
0.6546 
0.6589 
0.6632 

0.6718 
0.6675 

0.6760 . " 

. "" -~ .. " 

P 

- - -. LCISC F T  

0. I 4 8 4 1  05  
O.JS05E  05 
0 . 3 5 3 6 t  0 5  
0.3571E  05 
0.3609E  05 
0.3652E 0 5  
0.3700E  05 
0.3753E 0 5  
0.3813E 0 5  
0.3880E  05 
0.3955E 0 5  
0.4039E 0 5  
0.4134E  05 

. " _- 

.~ ~ ~ 

P S I  

~~ ~ - 

0. 
C .8694E-02  
C.2128E-01 
C.3514E-01 
C.5042E-01 
C.6726E-01 
C.8587E-C1 
C.lO65E-CO 
C.1293E-CO 
C.1547E-00 

0.2151E-00 
C.1832E-00 

C.2512E-00 

. . . -. . . - . 

KHO 

- SLLGICU FT 

C.262OE-03 
0 .2663E-03  
C.27?6E-C3 
0.2807E-03 
0.2895E-03 
0.2996E-03 
0.3109E-C3 

C.3390E-03 
0.3240E-03 

0.3564E-03 
0.3768E-C3 
0.4013E-03 
0.4311E-03 

" 

1.C5C 
I .  L O Y  
1 - 1 9 ?  
I . 280  
1.374 

1.577 
1.472 

1.8C9 
1.689 

1.939 

2.235 
2.080 

2.410 

.. . . " . 

V 

F T l S E C  . - -. 

0.1265E 0 5  
0.1334E  05 
O.1426E C5 
0.1520E  05 
0.1618E  05 
0.1719E 0 5  
O.1824E 05 
0.1932E C5 

0.216OE 05  
0.2044E 0 5  

0.228OE 05  
0.2405E 0 5  
O.2535E 0 5  

. - .  

- . _  

THE l A  

R 1 L  

0.9013 
0.8958 

0.8850 
0.8810 
0.8778 
0 .8752  
0.8731 
0 .8714  
0.87CO 
O.fl688 
0.8678 
0.8668 

0.8899 

. . 

Y H  X 6  

-0 .0200  
- 0 . o c 5 0  

0 .0286  
0.0112 

0.0473 
0 .0673  
C.0883 
0.1098 
0. I 3 1 7  
0 .1533  

0 .1952  
0.1745 

0.1995 

0 . 2 7 5 2  
0.  3197 
0.3460 
0. 3740 
0.4036 
0 . 4 3 4 0  
0.4644 
0 . 4 9 4 1  
0.5225 
0.5486 
0.5726 
0.5947 
0.5991 



TABLE 11.- €EAL-GAS SOLUTIONS FOR AIR - CONTINUED 

ALTITUDE = 1 5 0 r 0 0 0  F T  VELCCITY = lO.0CC  FTlSEC 

XE 

0. 
0. CC04 
0. CC13 
0. GO29 

0. C08C 
o .cc51  

0 .0115  
0.C157 
0.C205 
0.C260 

0.C391 
0.C322 

0 .0467  
0 .c551  

0. C74C 
0.C641 

0.C847 
0.C962 
0. I C 8 5  
0.121 7 
0 .1359 
0 . 1 5 l l  
0.1673 

0.2031 
0.2229 
0.244C 

0.1846 

Y8 

c. 
C.0252 
0.0503 
0.0755 

C. 1259  
C. 1007  

0.1762 
0 .1510  

0 .2014  
C.2266 

0.2769 
0.2517 

C. 302  I 
C.3273 

0.3776 
0.3524 

0.4028 
C.4280 
0.4531 
0 . 4 7 8 3  
0.5C35 
C. 5286  
0 . 5 5 3 8  
0.5790 
0.6042 
0.6293 
0.6545 

V 

FT/SEC 

0. 
0.1235E C 3  
0 .2470E 0 3  
0.3707E 0 3  
0.4945E C3 
0.6186E C 3  
0 .7432E 0 3  
0.8684E 0 3  
0.9942E  03 
0.1121F 0 4  

C.1376E  04 
0.1248E 0 4  

0. 1505E C 4  
0.1639E 0 4  
0.1770E 0 4  
0.1900E 0 4  

0.2167E 0 4  
0.2032E 0 4  

0 . 2 3 0 h t  0 4  
0.2445E 0 4  
0.2586E 0 4  
0.2730E 0 4  
O.2877E 04  
0.3025E 0 4  
0.3179E  04 
0.3332E  04 
0.3490E 0 4  

8 O D Y  DATA 

P H I  

a b c  

0. 
0.0252 
0.0504 
0.0756 
0.1009 
0.1262 
0.1516 

0.2C28 
0.1771 

0.2286 
0.2545 
0.2806 
0.3C69 
0.3334 
0.3602 
0.3872 
0 .4145  
0.4422 
0.4702 
0.4987 
0 .5276  

0.5869 
0.5570 

0.6175 
0.6487 

0.7135 
0.6807 

P 

LBISO FT 

0 .3400E  03  
0.3398E 0 3  
0.339CE  03 
0.3378E 0 3  
0.33hOE 0 3  
0 .3337E  03  
0 .3309E  03  
0.3276C 0 3  
0 .3238E 0 3  
0.3196E 03 
0 .3148E  03  
0 .3096F  03  
0.3039E 0 3  
0 .2978E  03  
0 .2912E  03  
0.2842E 0 3  
0.2767E 0 3  
0.2h89E 03 
0.2606E 0 3  
0.2519E 0 3  
0.2429E 0 3  
0.2335E 0 3  
0.2238C  03 
0 .2138E  03  
O.2034E  03 
0.1929E 03 
O.1821E 0 3  

.. ~- - 
C. 3345E-04 
0.3342E-04 
0.3336E-04 
0.3325E-04 
0.3310E-C4 
0.3290E-04 
0.3266E-04 
0.3238E-04 
0.3206F-04 
0.3169E-04 
0.3128E-04 
0.3083E-04 
0 .3034E-04  
C.2981E-04 
0.2923E-04 
0 . 2 8 6 2 t - 0 4  
0.2796E-04 
0.2727E-04 
0.2654E-04 
0.2578E-04 
C.2497E-04 
0.2413E-04 
0.2325E-04 
0.2235E-04 
0.2140E-04 

0.1945E-04 
0.2045E-04 

M 

0. 
0 . 0 3 6  
0.072 
0.108 
C .  1 4 5  
0.181 
0.218 
0.254 
C.291 

0.367 
0.329 

0.4C5 
0 . 4 4 3  
0 . 4 8 3  
0.523 
0.562 
C.602 

0 .686  
0.643 

0 .729  
0.712 

0 . 8 6 4  
0.818 

0 .911  
0.960 

1.062 
l . 0 l C  

HT ERRCR 

C.CO03 
0.0003 
0 .0003  
o.co02 
o.ooc2 

0.0002 
0 .0002  

0 .c001  
c . c o o 1  

0.0000 
0 .0001  

0 .0001  
c . c o 0 2  

0 .0006  
0.0004 

0.0008 
o.co10 
o .co12  
0 .0015  
O.CO16 

0.0021 
0 .0020  

0.0022 
O.CO24 

0.0024 
O.CO24 

o . c o l a  

r 

0.2391 
0.2280 
0 .2195  
0.211c 
0.2C25 
0.1941 
0.1857 
0.1773 
0.1690 
0.1607 
0 .1525  
0.1442 
0.1360 

Y B  

0.6488 
0.6583 
C.6656 
C.6728 
0 .6801  
0.6873 
0.6944 
0 .7016  
0.7087 
0.7158 
0.7228 
0.7299 
0.7369 

v 

F T l S E C  

0.3454E 0 4  
0.3652E 0 4  
0.3810E 0 4  
0.3971E C4 
0.4135E  04 

0.4470E 0 4  
0.4301E 0 4  

0.4641E 0 4  
0.4813E 0 4  
0.4986E  04 
0.5159E  04 
0.5333E 0 4  
0.5505E 04 

THETA 

R A E  

0.8639 
0.8503 
0.8416 
0 .8341  
0.8275 

0.8170 
0.82 19 

0.8126 
O.EC86 
0.8050 
0.8016 
0.7983 
0.7950 

".  .- - 

" -.  -. - - 

"I" 
I 

SHOCK SHAPE 

-0 .0898  
-0 .0888  

0. 

0 .4531 -0.0068 
0.4028 -0.0244 
0 .3524  -0.0399 
0.3021 - 0 . 0 5 3 3  
0.2517 - 0 . 0 6 4 5  
0.2014 -0 .0737  
0. I 5 1 0  -0.0807 
0.1007 - 0 . 0 8 5 8  
0.0503 

0 .0131  0.5035 
0.0353 0.5538 

0.0867 0 .6545  
0.0598 0.6042 

0 .1161  0.7049 
0.1479 0.7552 
0.1824 0.8056 

0 .2593  0 .9062  
0.2195 0.8559 

0 .3019  0.9566 
0.3474 1.0069 

0.4473 1.1076 
0 . 3 9 5 8  1.0573 

0.5019 I .  1 5 8 0  

0.6208  1 .2587 
0 .5597  I .  2 0 8 3  

0.6854 1.3090 

1 

S C N I C  L I N E  

X8 

-0 .0247 
-0 .0040  

0.0170 
0 .0382  
0.0596 
0.0810 

0.1237 
0.1025 

0.1652 
0.1447 

0 .1852  
0.2047 
0 .2187  

Y B  

0.4257 
0.4020 

0.4489 
0.4715 
0 .4934  

0.5346 
0.5535 
0 .5711  
0.5872 
0.6020 
0.6153 
0.6242 

0 .5145  

1 



TABLE 11.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED 

ALTITUCE = 1 5 0 , 0 0 0  FT VELOCITY = l 5 ,OCC  FTISEC 

" " ." " " _ _ ~  
T B O C Y  DATA S H O C K  SHAPE 

. " . - - - 
V 

FTISEC 

YB Pb I RHO 

RAD I L 0 I : C  FT I SLUGICU FT 

X E  YB 

0 .  
O.OC03 
0 . C O l l  
0 .0025 
O.CO45 
O.CO7C 
0 . c 1 0 1  
0.C137 
O . C l 8 0  
0.C228 
0 . 0 2 8 2  
0 .C343 
0.041'2 
0 .C483 
0 . 0 5 6 3  
0 .C649 
0 . 0 7 4 2  
0 .C842 
0 . C 9 4 9  
0 .  I C 6 4  
0 .1187 
0 . 1 3 1 7  
0 . 1 4 5 7  

0 . 1 7 6 3  
0 . 1 6 0 5  

0 . 1 9 3 c  
0 . 2 1 0 9  
0.230C 

0 .  
C.0236 
C.0473 

0 .0945  
0 .0709 

0.1181 
c .  1 4 1 8  
C.  1 6 5 4  
0.1890 
0.2127 
0 . 2 3 6 3  
C.2599 
0 . 2 8 3 6  
0.  3072 
C.3308 
c . 3 5 4 4  
0 . 3 7 8 1  

0 . 4 2 5 3  
0 .4017 

C.4490 
0 . 4 7 2 6  
0 . 4 9 6 2  
C.5199 

0 . 5 6 7 1  
c . 5 4 3 5  

0 .5907 
0 . 6 1 4 4  
0.6380 

0 .  
0 . 1 6 1 5 E  0 3  
0.3229E 0 3  
0.4847E  C3 
0 .6470E 0 3  
0 . 8 1 0 0 E  0 3  
0 .9736E 0 3  

0 . 1 3 0 3 E   0 4  
0 . 1 1 3 8 E  0 4  

0 .1470E 0 4  
0.1638E  C4 
O.1806E 0 4  
0 . 1 9 7 5 E   0 4  

0.2315C  C4 
0 . 2 1 4 5 E  0 4  

0 .2485E 0 4  
0 .2659E 0 4  
0 . 2 8 3 6 E  0 4  
0 . 3 0 1 6 E   0 4  
0.3202E 0 4  
0 . 3 3 9 7 E  0 4  
0 . 3 5 8 3 C  0 4  
0 .3712E 0 4  
0 .3967E  04  
0 .4166C 0 4  
0 . 4 3 7 0 E  0 4  
0 . 4 5 8 3 E  0 4  
0.4803E 0 4  

0 .  
0 .0236 
0 . 0 4 7 3  
0 .0709 
0 . 0 9 4 7  
0 . 1 1 8 4  
0 . 1 4 2 3  
0 . 1 6 6 2  
0 . 1 9 0 2  
0 . 2 1 4 3  
0 . 2 3 8 5  
0 . 2 6 2 9  
0 . 2 8 7 5  

0 . 3 3 7 2  
0 . 3 1 2 2  

0 . 3 6 2 3  
0 . 3 8 7 7  
0 . 4 1 3 4  
0 . 4 3 9 3  
0 . 4 6 5 6  
0 . 4 9 2 2  
0 . 5 1 9 2  
0 . 5 4 6 6  

0 . 6 0 2 9  
0 . 5 7 4 5  

0 . 6 3 1 9  
0 . 6 6 1 5  
0 . 6 9 1 9  

0 .4042E-04 
0 .4040E-04 
0 .4033E-04 
0 .4021E-04 
0 .4005E-04 
0 .3983E-04 
0.3958E-04 
0 . 3 9 2 7 E - 0 4  
0 . 3 8 9 2 E - 0 4  
0 . 3 8 5 2 E - 0 4  
0 .3807E-04 
0 .3757E-04 
0 . 3 7 0 3 E - 0 4  
0.  3645E-04 
0 .3584E-04 
0 .3524C-C4 
0 . 3 4 5 1 E - 0 4  
0 . 3 3 7 5 E - 0 4  
0 .3294E-04 
0 .3208E-C4 
0 . 3 1 2 0 E - 0 4  
0 . 3 0 2 7 E - 0 4  
0 .2929E-04 

0 . 2 7 2 1 E - 0 4  
0.2826E-C4 

0 .2611E-04 
0 .2494E-04 
0 .2374E-04 

0 .  
0 .034  
0 . 0 6 8  

0 .137 
0 .102 

0 . 1 7 1  
0 . 2 0 6  

0 .276 
0 .240 

0.311 
0.347 
0 . 3 8 3  
0 . 4 1 9  
0 . 4 5 5  
0 . 4 9 2  

0 .567 
C.524 

0 . 6 0 6  
0 . 6 4 6  

0 . 7 3 0  
0.687 

0 . 7 7 1  
0 . 8 1 4  

0.903 
0.858 

0.951 
1.000 
I .  0 5 2  

-0.000 I 
-0 .  coo I 
- 0 . c o o 1  
-0.0001 
-0 .0000  

0 . 0 0 0 0  

-0 .000  1 
o.cooo 

- 0 . 0 0 0 2  
- 0 . 0 0 0  1 

o . c o o 1  
0 .  C O O 4  
0 . 0 0 0 6  
0 .  C O O 4  

- 0 . c o o 1  
- 0 . c o 2 2  
- 0 . 0 0 2 0  
-0 .001H 
- 0 . C O l 6  
- 0 . c o 1 2  
- 0 . 0 0  1 2  

-0.COO8 
-0 .00  1 I 

- 0 . c 0 0 0  
- 0 . 0 0 0 3  
-0 .  COO6 
-0.COO7 
- 0 .  c 0 1 3  

- 0 . 0 7 2 1  
- 0 . 0 7 1 2  
- 0 . 0 6 8 4  
- 0 . 0 6 3 6  
- 0 . 0 5 6 9  

-0 .0377 
- 0 . 0 4 8 3  

- 0 . 0 2 5 0  
-0.0103 

0 . 0 0 6 6  
0 . 0 2 5 7  
0 . 0 4 7 1  
0 . 0 7 0 8  
0 . 0 9 7 0  
0 .1257 
0 . 1 5 7 0  
0.1911 
0 . 2 2 8 1  
0 . 2 6 8 0  
0.3109 
0 . 3 5 7 1  
0 . 4 0 6 6  
0 . 4 5 9 6  
0 . 5 1 6 1  
0 . 5 7 6 4  
0 . 6 4 0 6  
0.7C.38 
0 . 7 8 1 2  

0 .  
0 . 0 4 7 3  
0 . 0 9 4 5  
0 .1418  
0.1890 
0 . 2 3 6 3  
0 . 2 8 3 6  

0 . 3 7 8 1  
0 . 3 3 0 8  

0 . 4 2 5 3  
0 . 4 7 2 6  
0.5199 
0 . 5 6 7 1  
0 . 6 1 4 4  
0 . 6 6 1 6  
0 . 7 0 8 9  
0 .  7 5 6 1  
0 . 8 0 3 4  

0 . 8 9 7 9  
0 . 9 4 5 2  
0 . 9 9 2 4  
1 .0397 

1 .1342 
1 . 0 8 7 0  

I .  2 2 8 7  
1 . 1 8 1 5  

1.2160 

0 . ~ 1 5 ~ 7  

0 . 7 6 9 1 E  0 3  
0 .7685E 0 3  
0 .7670E 0 3  
0 . 7 t 4 3 E   C 3  
0 .7606E 0 3  
0 . 7 5 5 9 F  0 3  
0 .7501E 0 3  
0 .7432E 0 3  
0 .7353E 0 3  
0 . 7 2 6 4 E  0 3  
0 . 7 1 6 4 E  0 3  
0 .7054E 0 3  
0 .6935E 0 3  
0.6R05E 0 3  
0 . 6 6 6 7 E  0 3  
0 . 6 5 2 0 E  0 3  
0 .6363E 0 3  
0.61'27E 0 3  
0 .6022E 0 3  

0 . 5 6 4 5 E  0 3  
0 .5837C 0 3  

0 . 5 4 4 5 E  0 3  
0 .5237E 0 3  

0 .4796E 0 3  
0 .5022E 0 3  

0 .4563E 0 3  
0 .4319E 0 3  
0 .4067E 0 3  

. ". .. - ". . ". 
F I E L D  C A T A  I S G N I C  L I N E  

H V 

F T l S C C  

Y O  THC I A  

R A C  ~- 
0 . 8 7 7 4  
0 . 8 7 1 4  
0 . 8 6 4 2  
0 .8581  
0 . 8 5 3 1  
0 . 8 4 9 0  
0 . 8 4 5 6  
0.8427 
0 .8404  
0 .8384 
0 .8367 
0.8351 
0 . 8 3 3 6  _ _ _  

RHO 

" - _" S L U C l C U  F T  

0.2379F-C4 
0 .2419E-04 
0 .2483E-04 
0 . 2 5 5 5 E - 0 4  
0 .2635E-04 

0 . 2 8 2 6 E - 0 4  
0 .2725E-04 

0 .2938E-04 
0 .3063E-04 
0 . 3 2 0 2 E - 0 4  
0 - 3 3 6 1 E - 0 4  
0 . 3 5 4 2 E - 0 4  
0 .3751E-04 
____. 

0 . 3 4 9 5  
0 .3747 
0 . 4 0 0 7  
0 . 4 2 7 3  
0 . 4 5 4 3  

0 . 5 0 7 0  
0 .4810  

0.5318 
0 . 5 5 5 0  
0 . 5 7 6 1  
0 .5949 
0 . 6 1 1 2  
0 . 6 1 4 2  

0 .4743E C 4  
0.4969E C4 
0 . 5 2 3 6 E   0 4  
0 .5517E 0 4  
0 .5807E 0 4  
0.6108E 0 4  
0 . 6 4 1 4 E  0 4  
0 .6743E 0 4  
0 . 7 0 7 8 E   0 4  
0 .7426E 0 4  
0 .7786E 0 4  

0 .8537E 0 4  
0 . 9 1 5 6 E   0 4  

0 . 4 0 1 9 E  0 3  
0 . 4 1 1 4 E  0 3  
0 .4170E 0 3  
0 .4228E 0 3  
0 .4290E 0 3  

0 .4429E 0 3  
0 .4357E 0 3  

0 .4505E 0 3  
0 .4588E 0 3  
0 .4676E 0 3  
0 .4771E 0 3  
0 .4873E 0 3  

1.050 
1.091 
1 . 1 5 5  
1.223 
1 .295 
1 . 3 7 1  
1 . 4 5 6  
1.547 
1 .646 
1 . 7 5 3  
1.869 
I .  9 9 8  
2 .139 

" 

49 



TABLE 11.- mAL-GAS SOLUTIONS FOR A I R  - CONTINlTED 

ALTITUCE = 150.000 F T  VELOCITY = 20,OOC  FTlSEC 

8 O C Y  D A T A  S H O C K  S H A P E  

X8 

0 .  
O . C O O 3  
0 . C O l l  
O.CO24 
O.CO43 
O.CC68 
O.CC98 
0 . 0 1 3 3  

0 . 0 2 2 1  
O.Cl75  

0.C274 
0 . 0 3 3 3  
0.C397 
0 . 0 4 6 8  
0.C545 
0 . 0 6 2 9  
0.0719 
0.C816 
0 .C920 
0 . 1 0 3 1  

0 . 1 2 7 6  
0.1150 

0 . 1 4 1 1  
0 . 1 5 5 4  
0 . 1 7 0 6  
0 .1867 
0 .2038 
0 . 2 2 1 9  
0 . 2 4 1 2  

P 

L B l S C  FT 

0.1377E  04 
0 . 1 3 7 6 E   0 4  
0 . 1 3 7 3 E   0 4  
0 .1369E  04  
0 . 1 3 6 2 E   0 4  
0 .1354E  04  
0 . 1 3 4 4 E   0 4  
0 . 1 3 3 2 E   0 4  
0 . 1 3 1 8 E   0 4  
0 . 1 3 0 3 E   0 4  
0 . 1 2 8 6 ~   0 4  
0 .1267E  04  
0 .1246E  04  
0 .1223E  04  
O.1199E  04 
0 . 1 1 7 4 E   0 4  
0 .1146E  04  
0 . 1 1 1 7 E   0 4  
0 .1087E  04  
0.1056E 0 4  
0 .1022E  04  
0 . 9 8 8 2 E   0 3  
0 .9528E  03  
0.9161E 0 3  
0 .8788E  03  
0 . 8 4 0 4 E   0 3  
0.8016E 0 3  
0 . 7 6 2 3 E   0 3  
0 . 7 2 3 5 E   0 3  

R H O  

SLUGlCU F T  

0 .4970E-C4 
0 .4967E-04 
0 . 4 9 5 9 E - 0 4  
0 .4944E-04 
0 .4924E-04 
0 . 4 8 9 8 E - 0 4  
0 .4866E-04 

0 . 4 7 8 4 E - 0 4  
0 .4828E-04 

0 . 4 7 3 5 E - 0 4  
0 . 4 6 8 0 E - 0 4  
0 .4619E-04 
0 .4552E-04 
0 .4480E-04 
0 .4403E-04 

0 . 4 2 3 1 E - 0 4  
0 .4319E-04 

0 .4137E-04 
0 .4038E-04 
0 .3935E-04 
0 .3826E-04 
0 . 3 7 1 3 E - 0 4  
0 .3596E-04 

0 - 3 3 4 9 E - 0 4  
0 .3474E-04 

0 .3219E-04 
0 . 3 0 8 8 E - 0 4  
0 .2955E-04 
0 .2822E-04 

H T  E R R O R  

0 . 0 0 0 2  
0 . 0 0 0 2  
0 . 0 0 0 2  
o . c o 0 2  

o . c o o 1  
0 . 0 0 0 1  

0 . 0 0 0 1  

-0 .0000  
o . c o o 1  

-0 .000  1 
- 0 . 0 0 0  1 

- 0 . c o o 2  
- 0 . 0 0 0 2  

- 0 . 0 0 0 3  
- 0 . 0 0 0 3  
-0. COO4 
-0.COO5 
-0 .0006 

-0 .0008  
-0 .0008  

- 0 . 0 0 1 2  
- 0 . c o 1 0  

-0 .00  12  
- 0 . 0 0  1 4  
- 0 . c o 1 7  
-0.0018 
- 0 . 0 0 2 0  
- 0 . 0 0 2 2  
-0 .0026 

___ 

M 

0 .  
0 .034 
0 .068  
0 .103 

0 . 1 7 2  
0 .137 

0 . 2 4 1  
0 .206 

C.276 
0.312 
0 .348 
0 .384 

0 .457 
0 . 4 2 0  

0 .495 
0 .533 
0 .571 
0 .609 
0 .649 
0.689 
0 . 7 3 0  
0 . 7 7 1  
0 . 8 1 4  
0 .857 
0 .901 
0 .946 
0 .992 
1.039 
1.086 

" 

YE 

0 .  
0 . 0 4 6 5  
0 . 0 9 3 1  
0 . 1 3 9 6  

0 . 2 3 2 7  
0. I 8 6 1  

0 . 2 7 9 2  
0 .3257 

0 . 4 1 8 8  
0 . 3 7 2 2  

0 .4653 
0.5118 
0 . 5 5 8 4  
0 .6049 
0 . 6 5 1 4  
0 . 6 9 8 0  

0 . 7 9 1 0  
0 . 7 4 4 5  

0 . 8 3 7 5  
0 . 8 8 4 1  
0 . 9 3 0 6  
0 . 9 7 7 1  

1 .07C2 
1.0237 

1 .1167 
1 . 1 6 3 3  

1 . 2 5 6 3  
1 .2098 

1 . 3 0 2 9  

- . . . . - . . . 

X8 

- 0 . 0 5 9 3  
- 0 . 0 5 8 3  
- 0 . 0 5 5 5  
-0.0509 
- 0 . 0 4 4 3  
- 0 . 0 3 5 8  

- 0 . 0 1 3 0  
- 0 . 0 2 5 4  

0 . 0 1 8 0  
0.0015 

0 . 0 3 6 6  
0 . 0 5 7 4  
0.0805 

0 . 1 3 3 8  
0.1060 

0 . 1 6 4 1  
0 . 1 9 7 1  

0 . 2 7 1 1  
0 . 2 3 2 7  

0 . 3 5 6 6  
0 . 3 1 2 4  

0 . 4 0 4 0  
0 . 4 5 4 7  
0 .5087 
0 .5661 
0 . 6 2 7 2  
0 . 6 9 2 1  
0 . 7 6 0 8  
0 . 8 3 3 5  

.. . -. . - . 

C .  
0 . 0 2 3 3  
0.0465 
0.0698 
C.0931 
0 . 1 1 6 3  
0 .1396 

C.1861 
0 .1629 

0 . 2 0 9 4  
0 . 2 3 2 7  
0 . 2 5 5 9  
C.2792 
0 . 3 0 2 4  
0 .3257 
0.349C 
C.3722 

0.4188 
0 .3955 

0 . 4 4 2 0  
C.4653 
C.4886 
0 .5118 
C.5351 
C.5584 
C.5816 
0 .6049 
0 .6282 
0 . 6 5 1 4  

0 .  
0 . 1 9 2 l E   0 3  
0 . 3 8 4 0 E   0 3  
0 .5762E  03  
0 .7691E C 3  
0 . 9 6 2 8 E   0 3  
0 .1157E  04  
O.1352E  04 
O.1549E  04 
0 . 1 7 4 6 E   0 4  
0 .1945E  04  
0 . 2 1 4 5 E   0 4  
0 .2346E  04  
0 . 2 5 4 9 E   0 4  
0 . 2 7 5 9 E   0 4  

0.3170E  04 
0 .2964E  04  

0.3377E  04 
0 .3589E  04  
0.3807E  04 
0 .4024E  04  
0 . 4 2 4 3 E   0 4  
0 . 4 4 6 5 E   0 4  
0.4692E  04 
0 .4919E C4 
0 . 5 1 5 1 E   0 4  
0 . 5 3 8 5 E   0 4  
0 .5621E  04  
0 .5856E C4 

0 .  
0 .0233 
0 .0465 

0 . 0 9 3 2  
0 . 0 6 9 9  

0 . 1 1 6 6  
0 .1400 
0 . 1 6 3 6  
0 . 1 8 7 2  
0 . 2 1 0 9  
0 .2348 
0 .2588 
0 . 2 8 2 9  
0 . 3 0 7 3  
0 .3318 
0 .3565  
0 . 3 8 1 4  
0.4C66 
0 .4321 
0 . 4 5 7 9  
0 .4840 
0.5105 
0 . 5 3 7 4  
0 . 5 6 4 7  
0 .5925 
0 . 6 2 0 8  
0 . 6 4 9 7  

0 .7094 
0 . 6 1 9 2  

T 1 F I E L D  D A T A  SONIC  LINE I 0.6338 
0 .6402 
0 . 6 4 4 7  
0 . 6 4 9 2  
0 .6537 
0 .6582 
0 .6627 
0 .6672 
0 .6716 
0 .6761 
0.6805 
0 . 6 8 4 9  
0 . 6 8 9 3  

X8 M 

"" 

1.05C 

1.249 
1 . 1 6 5  

1 . 3 3 5  
1 .424 

1.609 
1.515 

1 .706 
1.806 
1 . 9 0 9  
2 .016 
2 .126 
2 .240 

PSI 

-. . . . , . . -. , - 
C .  

0 . 1 5 0 7 E - 0 2  
C.8406E-03 

0 .2234E-02 
0 .3027E-02 
C.3890E-02 
0 .4829E-02 
0 .5852E-02 
C.6965E-02 
0 .8178E-02 
0 .9499E-02 
O.1094E-01 
O.1251E-01 

"~ 

X 8  T H E T A  

H A C  

0.8875 
0 .8780 
0 . 8 7 2 9  

0 . 8 6 5 4  
0 .8687 

0.8627 
0 .8605 

0 . 8 5 7 3  
0 .8587 

0.8560 
0.8550 
0.8540 
0 .8530 

RH11 

SLUGlCU F T  

0 .2922E-04 
0 . 2 9 9 2 E - 0 4  
0 .3048E-04 
0 .3110E-04 
0 . 3 1 8 0 E - 0 4  
0 .3258E-04 
0 .3345E-04 
0 .3443E-04 
0 .3552E-04 

0 . 3 8 l l E - 0 4  
0 .3674E-04 

0 .3964E-04 
0 .4136E-04 

~" 

v 

F T l S E C  

0 .5678E  04  
0 .6266E  04  
0 .6691E  04  
0.7122E  04 
0 . 7 5 5 8 E   0 4  
0.8000E 0 4  
0.8446E  04 

0.9354E  04 
0 .8898E  04  

0.9814E  04 
0 .1028E 05 
0.1075E 0 5  
0.1122E 0 5  

P 

L a / s a  F T  

0 . 7 5 2 9 E   0 3  
0 .7628E  03  
0 .7706E  03  
0 . 7 7 9 2 E   0 3  
0 . 7 8 8 7 E   0 3  
0 .7991E  03  
0 . 8 1 0 4 E   0 3  
0 . 8 2 2 9 E   0 3  
0 . 8 3 6 4 E   0 3  

0 . 8 6 7 1 E   0 3  
0 . 8 5 1 1 E   0 3  

0 . 9 0 2 9 E   0 3  
O.8843E  03 

0 . 2 2 6 5  

0 . 2 1 3 1  
0 .2187 

0.2C75 
0 . 2 0 2 0  

0.1910 
0 . 1 9 6 5  

0.1855 
0.1800 

0.1692 
0 . 1 7 4 6  

0 . 1 6 3 7  
0 . 1 5 8 3  

- 0 . 0 1 7 5  
- 0 . 0 0 2 3  

0 . 0 1 3 8  
0 . 0 3 1 0  
0 . 0 4 9 3  
0 .0686  

0 . 1 0 9 1  
0 . 0 8 8 6  

0 . 1 2 9 9  
0 . 1 5 0 6  
0 . 1 7 1 0  
0.1910 
0.2068 - - . . -. . 

0 . 3 0 9 6  

0 . 3 5 9 0  
0 . 3 3 3 6  

0 . 3 8 5 6  
0 . 4 1 3 3  

0 .4698 
0.44  16 

0 .5237 
0 . 4 9 7 3  

0 .5716 
0 . 5 4 8 5  

0 .5928 
0 . 6 0 8 9  



TABLE I1 .- .€BAL-GAS SOLUTIONS FOR A I R  - CONTINUED 

ALTITUDE = 1 5 0 . 0 0 0  FT V E L O C I T Y  = 25,OOC  FT/SEC 

BOOY DATA SHOCK S H A P E  

x 0  YB 

-0.0511 

-0 .0429 
0.0906 - 0 . 0 4 7 4  
0 .0453 - 0 . 0 5 0 1  
0.  

0 .2266 - 0 . 0 2 8 2  
0 . 1 8 1 3  - 0 . 0 3 6 5  
0.1360 

- 0 . 0 0 5 9  0 . 3 1 7 2  

0 . 0 2 4 3   0 . 4 0 7 9  
0.0081 0 . 3 6 2 6  

0 .0425 0 . 4 5 3 2  
0 . 0 6 2 8   0 . 4 9 8 5  
0 .0854   0 .5438  
0 . 1 1 0 3  0 . 5 8 9 2  
0 . 1 3 7 6   0 . 6 3 4 5  
0 . 1 6 7 4  0 . 6 7 9 8  
0 . 1 9 9 7  0 . 7 2 5 1  
0 . 2 3 4 7  0 . 7 7 0 4  
0 . 2 7 2 5  0 . 8 1 5 8  
0.3131 

0 . 9 9 7 0  0 . 4 5 3 6  
0 . 9 5 1 7   0 . 4 0 3 5  
0 . 9 0 6 4  0 . 3 5 6 8  
0.8611 

1 . 2 6 9 0   0 . 8 2 9 6  
1 . 2 2 3 6   0 . 7 5 7 2  
1.1783 0.6889 
I .  1 3 3 0   0 . 6 2 4 5  
1 .0877 0 . 5 6 3 9  
1 .0424   0 .5070  

- 0 . 0 1 8 0   0 . 2 7 1 9  

~- 

X8 

0.  
O.CO03 
o.co10 
O.CC23 
0 .004 1 
O.CC64 
O.CC93 
O.Cl26  
0 . 0 1 6 5  

O.02hC 
0 . c 2 1 0  

0 .0315 
0.C377 

0 . 0 5 1 7  
0.C444 

0 . 0 5 9 6  
0 . 0 6 8 1  

0 . 0 8 7 1  
0 . 0 7 7 2  

0 . 0 9 7 5  
0 . 1 0 8 7  

0 . 1 3 3 3  
0.1206 

0 . 1 4 6 7  
0 . 1 6 1 0  

0 . 1 9 2 1  
0 . 1 7 6 1  

0 .2C91 
0 . 2 2 7 0  

Y 8  H T  E R R O R  

0.0001 
o . c o o 1  

0.0001 
o . c o o 1  

0.0001 
c . c o o 1  

0.0001 

- 0 . c 0 0 0  
0.0000 

-0.0001 
-0.0001 
-0 .000  1 
-0 .coo1 
- 0 . 0 0 0 2  
-0 .0003  
-0. COO4 

-0 .000  7 
- 0 . c o o 5  

- 0 . 0 0  L O  
- 0 . 0 0 1 2  
-0 .COI2  
- 0 . 0 0 1 4  
-0.0016 
- 0 . 0 0 1 6  
-0 .COl8  
-0 .0022 
- 0 . 0 0 2 0  
- 0 . 0 0 2 4  
-C.C026 

R H O  

SLUGlCU FT 

0 .5734E-04 
0 .5731E-04 
0 .5721E-04 
0 .5705E-04 
0 . 5 6 8 3 E - 0 4  
0 .5654E-04 
0 . 5 6 1 9 E - 0 4  
0 .5577E-04 
0.5529E-04 
0 .5475E-04 
0 .5415E-04 
0 .5347E-04 
0 .5274E-04 
0 .5194E-04 

V 

F T l S E C  

0 .  
O.2197E 0 3  
0 .4392E 0 3  
0.6590E 0 3  
0 .8796E  03  
0 .1101E  04  
0 .1324E  04  
0 .1547E  04  
0 . 1 7 7 1 E   0 4  
0 . 1 9 9 7 E   0 4  
0 . 2 2 2 4 E   0 4  
0.2453E  04 
0 .2683E  04  
0 .2915E  04  
0 .3152E  04  
0 . 3 3 8 8 E   0 4  
0 .3623E  04  

0 .4102E  04  
0 .3861E C4 

0 . 4 3 4 9 E   0 4  
0 .4601E  04  

0 .5102E  04  
0 .4851E  04  

0 . 5 3 5 8 E   0 4  
0 .5617E  04  
0.5879E  04 
0 . 6 1 4 5 E   0 4  
0 .6416E  04  
0 .6692E  04  

P H I  

R A C  

0.  
0 .0227 
0 .0453 
0 .0680  
0.0908 
0 . 1 1 3 5  
0 . 1 3 6 4  
0 .1593 
0 . 1 8 2 3  
0 .2054 
0 .2286 
0 .2519 
0 .2754 
0 . 2 9 9 0  
0 .3228 
0 .3468 
0 .3710 
0.3955 
0 . 4 2 0 2  
0 . 4 4 5 1  
0 .4704 
0 .4960 
0 .5220 
0 . 5 4 8 3  
0 . 5 7 5 1  
0 . 6 0 2 4  
0 . 6 3 0 1  
0 .6584 
0 . 6 8 7 3  

P 

LBISC F T  

0 . 2 1 6 l E   0 4  
0 .2159E  04  
0 . 2 1 5 5 E   0 4  
0 . 2 1 4 8 E   0 4  
0 .2139E  04  
0 . 2 1 2 6 E   0 4  
O.2111E  04 
0 . 2 0 9 3 E   0 4  
0 . 2 0 7 2 E   0 4  
0 . 2 0 4 9 E   0 4  
0 . 2 0 2 3 E   0 4  
O.1994E 0 4  
0 .1963E  04  

0 . 1 8 9 2 E   0 4  
0 . 1 9 2 9 E   0 4  

0 . 1 8 5 3 E   0 4  
O.1811E  04 
0 .1768E  04  
O.1722E  04 
0 .1673E  04  
0 . 1 6 2 3 E   0 4  
0 . 1 5 7 1 E   0 4  
0 . 1 5 1 7 E   0 4  
0 . 1 4 6 2 6   0 4  
0 .1405E  04  
0 .1346E  04  
0 .1286E  04  
0 . 1 2 2 5 E   0 4  
0 . 1 1 6 3 E   0 4  

M 

0.033 
0.  

0 .067 
0.100 

0 . 1 6 7  
0 . 1 3 4  

0 . 2 0 1  
0 .235 
0.270 
0 .304 
0 . 3 3 9  
0 .374 
0 .410 
0 . 4 4 6  

0 . 5 2 0  
0 .557 
0 . 5 9 4  
0 . 6 3 2  
0 . 6 7 2  
0 .712 
0 .753 
0 .793 
0 . 8 3 5  
0 .878 
0 . 9 2 2  
0 . 9 6 6  
1 .012 
1.060 

0.483 

C. 
0.0227 
0 . 0 4 5 3  
0.0680 

0.1133 
C.C906 

0 . 1 3 6 0  
0 .1586 
0 .1813 

0 .2266 
C.2039 

0 .2493 
C.2719 

0 . 3 1 7 2  
C.2946 

0 . 3 3 9 9  
0 .3626 

0 . 4 0 7 9  
0 .3852 

0 .4305 
C.4532 

0 .4985 
0 . 4 7 5 9  

0 .5212 
0 .5438 

0 .5892 
0 .5665 

0.6118 
0.6345 

0 . 5 1 0 9 E - 0 4  
0 . 5 0 1 7 E - 0 4  
0 .4920E-04 
0 . 4 8 1 6 E - 0 4  
0 .4708E-04 
0 . 4 5 9 3 E - 0 4  
0 .4473E-04 
0 . 4 3 4 7 E - 0 4  
0 .4218E-04 
0 .4082E-04 
0 .3943E-04 
0 .3800E-04 
0 .3651E-04 
0 .3501E-04 
0 .3345E-04 

S C N I C  L INE F I E L D  C A T A  

X 8  I Y R  x 0  Y B  V 

FT/SEC 

n P S I  T H E T A  

0 - 8 9 2 4  
0 . 8 8 4 9  
0 . 8 8 0 7  

0 .8748 
0 .8774 

0 - 8 7 2 9  
0 . 8 7 1 4  

0 . 8 6 9 3  
0 .8702 

0 .8686 
0.8681 
0.8676 

P 

L B l S P  F T  

O.1176E 0 4  
0 .1189E  04  
0 .1200E  04  

0 . 1 2 2 7 E   0 4  
0 . 1 2 1 3 E   0 4  

0 .1243E  04  
0 . 1 2 6 0 E   0 4  

0 . 1 3 0 2 E   0 4  
0 .1280E  04  

0 .1326E  04  
0 . 1 3 5 3 E   0 4  
0.1382E 0 4  
0 .1415E  04  

R H O  

SLUGICU FT 

0 . 3 3 7 7 E - 0 4  

0 . 3 5 2 4 E - 0 4  
0 .3455E-04 

0 .3687E-04 
0 . 3 6 0 l E - 0 4  

0 .3785E-04 
0 .3895E-04 

0.4  158E-04 
0 .4019E-04 

0 .4314E-04 
0 - 4 4 9 2 E - 0 4  
0 .4693E-04 
0 .4921E-04 

t - 0 . 0 1 5 1  0 .2836 
-0.0015 0.3075 

0 . 0 1 3 2  0 . 3 3 3 4  
0 . 0 2 9 3  0 . 3 6 1 4  
0 . 0 4 6 8  0 . 3 9 1 1  
0 . 0 6 5 6  0 . 4 2 1 9  
0 . 0 8 5 6  0 . 4 5 3 2  
0 .1064 0 .4839 
0 . 1 2 7 5  0 . 5 1 3 3  

0 . 2 2 3 3  
0 . 2 1 7 0  
0 .2123 
0 . 2 0 7 5  
0 . 2 0 2 8  
0.1981 
0 -  1 9 3 3  

0 . 1 8 3 9  
0.1886 

0- 1 7 9 3  
0 . 1 7 4 6  
0 -  1 6 9 9  
0 .1653 

0 .6299 
C.6350 
C.6388 
0 . 6 4 2 7  
0.6465 
0 . 6 5 0 3  
0 .6541 
0 .6579 
0 . 6 6 1 7  
0 .6655 
0.6692 
0 . 6 7 3 0  
0.6767 

0 .6636E  04  
0 .7377E C4 
0 .7948E  04  
0 . 8 5 3 0 E   0 4  
0.912OE 0 4  
0 .9719E  04  
0 .1033E  05  

0.1157E  05  
0 .1095E  05  

0 .1221E  05  
0.1285E 0 5  
0 .1350E  05  
0.1415E  05 

1 .050 
1 .175 
1.272 
1 . 3 7 3  
1 .477 
1.585 
1.697 
1 .812 
1.933 
2.059 
2 .190 

2 . 4 7 0  
2.327 

0 .  
C.9530E-03 
0 .1765E-02 

C.3642E-02 
O.2659E-02 

C.4722E-02 
C.5906E-02 

0 . 8 6 3 2 E - 0 2  
0 .7206E-02 

0.102OE-01 
0 .1192E-01 
0 .1381E-01  
0.1589E-01 



TABLE 11.- FC3AL-GAS SOLUTIONS FOR AIR - CONTINUED 

ALTITUDE = 150.000 F T  VELCCITY = 3 0 , 0 0 0   F T I S E C  

~ - - " -. . __ -, . . - - "" . - - - .- -. . . . . . . . . . . . . - - . . ̂. - - . . - . 
B C C Y  DATA 

7 

X8 

0 .  
o .co02  
0.COlC 
o . c o 2 2  

O.CCbl 
0.0039 

0.  CC88 
0 .012c  

0.019s 
0 .0157  

0.0246 
0 .C299  
0.C357 
0 . c 4 2 c  
0 .0489  
0.C564 
0.C645 
0 .0732  
0 .0825  
0.C924 
0.103C 
0 .1143  

0 .1389  
0 .1262  

0 .1523  
0 .1665  
0 .1815  
0 . 1 9 7 4  
0 .2142  
0 .2318  

C .  
c .0221  
0 .0442  
0 .0662  
C.0883 

0 .1325  
C .  1 1 0 4  

0 .1546  
0 .1766  

0 .2208  
C .  1987  

C.2429 
0 .2650  

0 .3091  
C.2870 

C.3312 
c .3533  
0 .3754  
0.3974 
0.4195 
C.4416 
C.4637 
0 .4858  
0 .5078  
C .5299  
C.5520 
0 .5741  
0 .5962  
0.6182 
0 .6453  

l:i F T I S E C  

0 .  
0 .0221  0 .257CE C3 
0 .  

0 .6949  0 .8049E  04  
0 .6666  0 .7741E C4 
0 .6389  0 .7436E  04  
0 .6117   0 .7133E  04  
0 .5850   0 .6835E  04  
0 .5587   0 .6524E  04  
0 .5329   0 .6228E  04  
0 .5074   0 .5937E 0 4  
0 .4823  0 .5649E C4 
0 .4575  0 .5349E C4 
0 .4330  C.5059E  04 
0 .4088   0 .4778E  04  
0 .3848   0 .4501E C4 
0 . 3 6 1 1  0 .4223E  04  
0 .3376  0 .3954E  04  
0 .3143   0 .3683E  04  
0 .2911  0 .3412E  C4 
0 . 2 6 8 1   0 . 3 1 4 0 E   0 4  
0 .2453   0 .2869E  04  
0 .2226  0.2600E 0 4  
0 -2CCO  0 .2334E  04  
0 .1776   0 .2069E C4 
0 .1552  0 .1806E  04  
0 .1329  0 . 1 5 4 5 E   0 4  
0 .11 '26   0 .1286E C4 
0 .0884   0 .1028E  04  
0 .0663  0 . 7 7 0 5 E   0 3  
0 .0442  0 .5137E  03  

P 

L B I S C  F T  

0 . 3 1 1 2 E   0 4  
0 .3110E 0 4  
0 . 3 1 0 4 E   0 4  
0 . 3 0 9 5 E   0 4  
0 . 3 0 8 1 E   0 4  
0 .3064E  04  
0 . 3 0 4 3 E   0 4  
0 .3018E  04  
0 . 2 9 8 9 E   0 4  
0 .2956E 0 4  

0 . 2 8 7 9 E   0 4  
0 .292CE  04  

- .- . . . - " - 

0 . 2 8 3 5 E   0 4  
0 .2788E 0 4  
0 . 2 7 3 7 E   0 4  
0 . 2 6 8 3 E   0 4  
0 . 2 6 2 5 E   0 4  
0 . 2 5 6 4 E   0 4  
0 . 2 5 0 0 E   0 4  
O.2433E  04  
0 .2363E  04  

O.2216E  04 
0 .2291E  04  

O.2139E 0 4  
0 . 2 0 6 0 E   0 4  
0 . 1 9 7 9 E   0 4  
0 .1897E  04  
0 . 1 8 1 3 E   0 4  
0 . 1 7 2 9 E   0 4  
0 . 1 6 4 3 E   0 4  
I_"__" 

R H O  

S L U G I C U  F r  
.. . .- . . . - -. . . . . - 

0 .5815E-04  
0.5818E-04 

0 . 5 7 9 1 E - 0 4  
0.58ObE-04 

0 .5745E-04  
0.5771E-C4 

0 .5712E-04  
0 .5672E-04  
C.5627E-04 
0 .5577E-04  
0 .5523E-04  
0 .5463E-04  
0 .5392E-04  
0 .5312E-04  
0 .5228E-04  

C.5057E-04 
0.5144E-04 

0 .4863E-04  
0 . 4 9 6 1 E - 0 4  

0 .4761E-04  
0 .4655E-04  
C.4554E-04 
0 .4429E-04  
0 .4297E-04  
0 .4156E-04  
0.4000E-04 
0 .3863E-04  
0 .3721E-04  
0 .3577E-04  
0 .3428E-04  
" " . . - . . 

. . _" . - 

M 

. . . - -. - 
0 .  
0 .032  
0 .064  
0.096 
0 .127  
0.160 
0 .192  
0 .224  

0 . 2 9 1  
0.257 

0 .324  
0 .358  
0 .393  
0 .427  
0.462 
0.497 
0 .532  
0 . 5 6 8  
0 . 6 0 5  
0 .643  
0 . 6 8 2  
0 .724  
0 .763  
0 .803  
0 .843  
0 . 8 8 4  
0 . 9 2 6  
0 .970  
1.014 
1 . 0 6 0  . . -." . . . -. . . 

. . . -. . - . " " - 

H T  E R R O R  

. -. . . . -. - . . 
- c . c 0 0 2  
-0 .0002  
-0 .0002  
- 0 . 0 0 0 2  
-0 .coo2  
-0 .0002  
-0.000 1 

0 . c 0 0 1  
O.CO03 
o . c o 0 2  

-0 .  c o o  1 
- 0 . c o o 3  
0.COOL 
0 . 0 0 1 0  
0.0018 
0 . 0 0 1 6  
o . c o 1 0  

0 . 0 0 0 5  
0 .0009  

-0 .0004  

- 0 . 0 0 4 0  
- 0 . c o 1 3  

-0 .004  1 
-0 .0036  
- 0 . 0 0 2 0  

0 . 0 0 2 3  
0 . 0 0 1 4  
0.0010 
O.CO03 

-0 .0002  
. . . . . . .. . . . - 

X8 

0 .2281  
0 . 2 2 3 9  
0 .2194  
0 .2148  
0.2103 
0.2C58 
0 . 2 0 1 3  
0.1969 
0 .1924  
0 .1879  
0 .1835  
0.179C 
0 .1746  

Y8 

0 .6357  
C.6391 
0 .6428  
0 .6464  
0 .6501  
C .  6 5 3 8  
0 .6574  
0 . 6 6 1 1  
0 .6647  
0 .6683  
0 .6720  
0 .6756  
0.6792 

V 

F T l S E C  

0.7984E C4 
0 .8594E C4 
0 .9290E  04  

O.lO7bE 0 5  
0.1OOlE 05  

0.1230E 0 5  
0.1152E 0 5  

0.1309E 0 5  
0 .1391E  05  
O.1474E 0 5  
0 .1559E  05  
0 .1646E  05  
0 .1733E  05  

FIE 

T H E T A  

R A C  

0 .8876  
0 . 8 8 2 4  
0 . 8 7 8 1  
0 .8747  
0 .8721  
0 . 8 7 0 2  
0.8688 
0 .8678  
0 . 8 6 7 1  
0.8667 
0 .8664  
0 .8663  
0 .8662  

1 D A T A  
"" . . ~  

P 

L E I S 6  F T  

0 . 1 6 7 3 E   0 4  
O . l b 6 l E   0 4  

0 . 1 6 8 8 E  0 4  
0 .1705E  04  
0 .1724E 0 4  
0 . 1 7 4 6 E   0 4  

0 . 1 8 0 0 E   0 4  
0 .1772E  04  

0 . 1 8 3 2 E   0 4  
0.1869E 0 4  
0 .1911E  04  
0 .1957E  04  
O.2OlOE  04 

-~ 

I 
0. 3460E-C4 
0 . 3 5 4 0 E - 0 4  
0 .3634E-04  

0 .3846E-04  
0.3736E-04 

0 .3971E-04  
0.4111E-04 
0 .4272E-04  
0 .4455E-04  
0 .4666E-04  
0 .4909E-04  
0 .5190E-04  
0 .5514E-04  

1 .050  
1 .141  
1.246 
I .  358  
1.475 
1.598 
1 .727  
1 .864  

2 .164  
2.010 

2.325 
2.496 

. . . . . . - . 

P S I  

-. . . . - - . . . - 
C .  
0 .8119E-03  
C.1797E-02 
O.2895E-02 
C.4113E-02 
C.5464E-02 
0 .6962E-02  
0 .8624E-02  
C.1047E-01 
C.1252E-01 
0 .1481E-01  
0 .L737E-01  
C.2023E-01 

-1  

. - . . . - 

X8 

. " . . - - - - 
- 0 . 0 4 9 4  
- 0 . 0 4 8 5  
- 0 . 0 4 5 8  
- 0 . 0 4 1 4  
-0 .0352  
-0 .0271  

- 0 . 0 0 5 4  
- 0 . 0 1 7 2  

0 .0240  
0 .0083  

0 .0417  
0 .0615  
0 .0834  
0 . 1 0 7 6  
0 . 1 3 4 1  
0 .1630  
0 . 1 9 4 4  
0 .2283  
0 .2649  
0 . 3 0 4 3  
0 .3466  

0 . 4 4 0 4  
0 .3919  

0 . 4 9 2 1  
0 .5472  
0 .6058  
0 .6681  
0 . 7 3 4 1  
0 .8042  
0 .8783  
. . . ." 

- ". _" 

Y B  

- -. . - - - 
0 .  
0.0442 
0 .0883  
0 .1325  
0 .1766  
0 . 2 2 0 8  
0 .2650  
0 . 3 0 9 1  

0 .3974  
0 .3533  

0 . 4 4 1 6  
0 .4858  
0 .5299  
0.5741 
0 .6182  
0 . 6 6 2 4  
0 .7066  
0 .7507  
0 . 7 9 4 9  
0 . 8 3 9 0  
0 .8832  
0 . 9 2 7 4  
0 .9715  
1 .0157  

1.1040 
1.0598 

1 .1482  

1 .2365  
1 .1923  

1.2806 
"" . . 

- - " . - . 

X8 

I- 

-0 .0141  
-0.0005 

0 .0145  
0 . 0 3 1 0  
0 . 0 4 9 3  
0 .0692  
0 .0905  
0.1128 

0.1580 
0 .1354  

0.1800 
0 . 2 0 1 2  
0 .2087  

- -- - ". . 

Y B  

." - 

0 .2775  
0 .3021  

0 . 3 5 8 9  
0 .  3293 

0 .4242  
0.3908 

0 . 4 9 1 2  
0 .4581  

0 .5229  
0 .5523  
0 .5790  
0 .6031  
0 .6112  



TABLE I1 .- mAL-GAS SOLUTIONS FOR A I R  - C O N T I W D  

A L T I T U C E  = 1 5 0 . 0 0 0  FT V E L O C I T Y  = 35.0CC F I l S E C  

T SHOCK  SHAPE -1 B O G Y  DATA 

x0 P 

L w s a  FI 

RHO 

SLUGlCU F l  

H x 0  Y 8  

0.  
0 .0281 

0 .0842 
C.0562 

0 . 1 1 2 3  
C .  1 4 0 4  
0 . 1 6 8 5  
0 .1966 
0 .2246 
C.2527 
0 . 2 8 0 8  
0 . 3 0 8 9  
0 .3370  
0 . 3 6 5 0  
0 .3931  
0.4212 
0 . 4 4 9 3  
0 .4774 
0 . 5 0 5 4  
0 .5335 
0 .5616 
0 .5897 
0 .6177 
0 .6458 

H I  ERRCR v 

F T I S E C  

0. 
0.3935E 0 3  

0 .1182E 0 4  
0 .7871E 0 3  

0 .1579E 0 4  
0 .1979E  04  
0 .2381E 0 4  
0 . 2 7 8 7 E   0 4  
0 .3195E  04  
0.3608E 0 4  
0.4027E 0 4  
0 .4450E  04  
0 .4889E 0 4  

0 .5741E  04  
0 .5315E  04  

0 .6170E 0 4  
0 .6605E  04  

0 .7523E 0 4  
0 .7062E 0 4  

0.7993E 0 4  
0 .8482E 0 4  

0 .9494E  04  
0 .8984E  04  

0 .1001E  05  

P H I  

RAO 

0. 
0 .0281 
0 .0562 

0 . 1 1 2 6  
0 . 0 8 4 3  

0 . 1 4 0 9  
0 . 1 6 9 3  
0.1978 
0.2265 

0 . 2 8 4 6  
0 .2555 

0 . 3 1 4 0  
0 .3437  

0 . 4 0 4 0  
0 .3737 

0 .4348 
0 . 4 6 6 0  
0 . 4 9 7 7  
0.53CO 
0 . 5 6 2 8  
0 . 5 9 6 4  

0 . 6 6 5 9  
0 .6307 

0 . 7 0 2 1  

YR 

0 .  
0 .0562 
0 . 1 1 2 3  
0 . 1 6 8 5  
0 . 2 2 4 6  
0.28C8 
0. 3370 
0 .3931  
0 . 4 4 9 3  
0 . 5 0 5 4  
0.5616 
0 . 6 1 7 7  
0 . 6 7 3 9  
0 . 7 3 0 1  
0 .7862 
0 . 8 4 2 4  
0 . 8 9 8 5  
0 .9547 

1 . 0 6 7 0  
1.01C9 

1 .1232 
I .  1 7 9 3  
1 .2355 
1 .2917 

0 .  
0 .  COO4 

O.CO35 
0.0016 

O.OC63 

0 .0142 
0 . 0 0 9 9  

0 .0194 

0 . 0 3 2 4  
0 .0255 

0 .0401  
0 . 0 4 8 8  
0.C584 
0 . 0 6 9 0  
0 .0806 
0.0931 
0 . 1 0 6 8  
0 . 1 2 1 5  
0 .  1 3 7 3  
0 . 1 5 4 4  
0 .1727 
0 . 1 9 2 4  
0 .2136 
0 .2365 

~ 

0.4224E  04  
0.4220E  04 
0.4207E  04 
0 . 4 1 8 6 E  0 4  
0 . 4 1 5 7 E   0 4  
0 . 4 1 1 9 E   0 4  
0.4073E 04  
0 .4018E  04  
0.3955E  04 
0 .3884E 0 4  

0 . 3 7 1 6 E   0 4  
0 . 3 6 2 2 E   0 4  
0 . 3 5 1 9 E   0 4  

0 .3295E  04  
0.341OE 0 4  

0 .3173E  04  
0 .3045E 0 4  
0 .2909E  04  
0 .2767E  04  
0 .261 t lE   04  
0 .2465E  04  
0 .2307E 0 4  
0 .2148E  04  

0 . 3 n 0 4 t  04 

0.5403E-04 
0 .5398E-04 
0 .5385E-04 
0 .5362E-04 
0.S330E-04 

0 .5238E-04 
0 .5288E-04 

0 .5178E-04 
O.SI09E-04 
0.5032E-04 
0 .4945E-04 
0 .4848E-04 
0 .4745E-04 

0 .4507E-04 
0 .4630E-04 

0 .4376E-04 
0 . 4 2 3 8 E - 0 4  

0 . 3 9 3 5 E - 0 4  
0 .4090E-04 

0 .3774E-04 
0 .3603E-04 

0 .3242E-04 
0 .3425E-04 

0 . 3 0 5 4 E - 0 4  

0 .  
0 . 0 4 1  
0.082 
0 . 1 2 3  
C .  165 

0 . 2 4 9  
0 .207 

0 .291  
0 .334 

0 .423 
0 .378 

0 . 4 6 8  
0 .515 
0 - 5 6 1  
0 . 6 0 7  
0 . 6 5 4  
0 . 7 0 1  

0 . 8 0 3  
0 .752 

0 . 8 5 6  
0 .913 
0 . 9 7 1  
1 .031  
1 . 0 9 3  

- 0 . 0 0 0 5  

-0 .0005 
-0.COO5 

-0.0004 
-0.0003 
-0.000 1 

0.0001 
0 .0003  
0.0004 

0 . 0 0 0 7  
O.COO5 

0.0010 
0.0011 

0 . 0 0 2 1  
O.CO15 

0 . 0 0 2 8  
0 . 0 0 3 4  

0 . 0 0 4 7  
O.CO45 

0 . 0 0 4 7  
0 . 0 0 4 7  

0 . 0 0 4 7  
O.CO48 

0 . 0 0 4 6  

- 0 . 0 5 3 5  
-0 .0521 
- 0 . 0 4 7 8  
- 0 . 0 4 0 8  
- 0 . 0 3 0 8  
- 0 . 0 1 7 8  
-0.0018 

0 . 0 1 7 5  
0 . 0 4 0 0  
0.0661 
0 . 0 9 5 8  
0 . 1 2 9 4  
0 . 1 6 7 0  
0 .2090 
0 .2555 
0 . 3 0 6 8  
0 . 3 6 3 3  

0 . 4 9 2 9  
0 .4252 

0 . 5 6 6 6  
0 . 6 4 6 8  
0 .7337 
0 . 8 2 7 8  
0 . 9 2 9 5  

r F I E L O  DATA 1 S O N I C  L I N E  

X B  Y 0  V H X E  P S I  T H E T A  

RAC 

0.8949 

0 . 8 8 2 3  
0.8867 

0 .8789 
0 . 8 7 6 3  

0 . 8 7 2 8  
0 . 8 7 4 3  

0 .8716 
0 .8708 

0 .8698 
0 .8695 

0.n702 

P 

L B / S C  F T  

0 .2257E  04  

0 . 2 3 1 0 t   0 4  
0 . 2 2 8 b E   0 4  

0 .233hE  04  
0 .2366E  04  

0 .2438E 0 4  
0.240OE  04 

0 . 2 4 8 2 E   0 4  
0 . 2 5 3 2 E   0 4  

O.2660E  04 
0 . 2 5 9 1 t   0 4  

0.2741E  04 

RHO 

-~ SLlrGlCU F T  

0 . 3 1 8 3 E - 0 4  
0 . 3 2 9 3 E - 0 4  

0 .3496E-04 
0 .3387E-04 

0 .3779E-04 
0 .3625E-04 

0 . 3 9 6 5 E - 0 4  
0 .4193E-04 
0 .4478E-04 
0 .4832E-04 
0 .5260E-04 
0 .5754E-04 

F I l S E C  

0 .2207 
0 . 2 1 3 8  
0 .2088 

0 . 1 9 9 C  
0 . 2 0 3 9  

0 .1893 
0.1941 

0 .1844 
0 .1796 
0 . 1 7 4 7  
0.1699 
0 . 1 6 5 1  

0 .6266 
0 .6322 
0.6361 
C.6400 
0 .6440  

0 .6518 
0 . 6 4 7 9  

0 .6557 
0.6596 

0 .6673  
0 .6635 

0 .6712 

1.05C 
1 .173 
1 .267 

1 .473 
1 .367 

1 .589 
1.717 

2 .024 
I .  860  

2 . 2 1 3  
2.432 
2.680 

C .  

C.2631E-02 
0 .1456E-02 

0 .3932E-02 
0 . 5 3 7 5 E - 0 2  
0 . 6 9 8 2 E - 0 2  
0 .8778E-02 
0.1080E-01 
0 . 1 3 0 9 E - 0 1  
0 .1571E-01 
C.1874E-01 
0 .2227E-01 

- 0 . 0 1 5 6  
- 0 . 0 0 1 2  

0 .0146  
0.0318 
0.0508 

0.0932 
0 . 0 7 1 3  

0 . 1 1 5 9  
0 .1387 
0.1613 
0.1830 
0.2027 

0.9657E 0 4  

0.1147E  05 
0 .1069E  05  

0 . 2 8 9 2  
0 . 3 1 4 0  
0 .3411 
0 .  3704 
0 . 4 0 1 8  
0 . 4 3 4 5  
0 . 4 6 7 5  
0 . 4 9 9 7  

0 .5578 
0 . 5 3 0 0  

0.S826 
0 . 6 0 3 5  

0 .1227E 0 5  
0 .1310E  05  
0 .1397E  05  
0 .  1 4 8 7 E  05 
0.1583E  05 
O. lb83E  0 5  
0 .1789E  05  
0 .1903E  05  
0 .2023E  05  

53 



TABLE 11.- REflL-GAS SOLLTCIONS FOR AIR - CONTINUED 

ALTlTUDE = 150.000 F T  VELOCITY = 40,000  FT/SEC 

T ~- 
BODY DATA SHOCK SHAPE 1 

- 

Y O  

0. 
0.0564 
0.1129 
0 .1693  
0.2257 
0.2822 
0.3386 
0 .3950  
0 .4515  
0 .5079  
0.5643 
0.6208 
0.6772 

0.79C1 
0.7336 

O.YO30 
0.8465 

0.9594 
1.0158 

1.1287 
I .  0 7 2 3  

1 .1851  
1.2416 
I .  2 9 8 0  

PW 1 

R O C  

P 

L B l S C   F I  

n X 8  hT E R R O R  

-0.COO5 
-0.0005 

-C.C005 
-0.0004 

-0. c o o  1 
-0 .0003 

o . c o o 1  
0.0003 
0.0005 
0. COO7 

0 .0012  
O.CO09 

0.0015 
0.0019 

0 .0028  
O.CO23 

0.0035 
0.0038 
O.CO41 
0 .0048  
0.0050 
0 . 0 0 5 4  
O.CO57 
0.0063 

RHO 

SLUG/CU  FT 

0. 

0 . 0 C l b  
0. COO4 

0.CC36 
0. CC64 
0.0100 
0.0144 
0.C197 
0.0258 
0. C328 
0 .  C406 
0.C494 
0.C591 
0.C698 
C.0815 

0.1081 
0 . c 9 4 3  

0.123C 
0.1391 
0.1564 
0.175C 
0 . 1 9 4 9  
0 .2162  
0 .2390  

C. 
0 .0282 
C .  0 5 6 4  

0.1129 
C.0847 

0.1411 
C.  1693  

0.2257 
0.1975 

0.2540 
0 .2822  
C.3104 
0.3386 
0.3668 
c .395c  
C.4233 
0.4515 
0.4791 
C. 5079  

0.5643 
C.5361 

C.5926 
0.6208 
C.6490 

0. 
0 . 4 4 8 9 E  03 
0.8978E C 3  
0.1348E  04 
0.1801E 0 4  
0.2256E  04 
0.2714E C 4  

0.3641E 0 4  
0.3176E 0 4  

0 . 4 l l l t  0 4  
0.4586E 0 4  
0.5066E 0 4  
0.557OE 0 4  

0.6543E 0 4  
0.6056E 0 4  

0.7035E  04 
0.7538E 04  
0.8049E 0 4  
0.8556E C4 
0.9064E 0 4  
0.9576E 0 4  

O.lO6OE 0 5  
C.1009E 05 

0.1113E 0 5  

0. 
0 .0282 
0.0565 
0.0848 
0 .1131  
0.1416 
0.1701 
0.1988 
0 .2277  
0.2568 
0.2861 
0.3156 
0.3455 
0.3756 
0.4062 
0.4372 
0.4686 
0.5005 
0 .5330  
0.5662 
0.6000 

0.6699 
0.6345 

0 .7C6 l  

0.5518E 0 4  

0.5496E 0 4  
0.5513E 0 4  

0 .5469E  04  
0.543CE 0 4  
0.5380E 0 4  
0.5319E 0 4  
0.5248E 0 4  
0.5165E  04 

0 .4967E  04  
0.5072E 0 4  

0.4853E  04 
0.4729E  04 

0 .4449E 0 4  
0.4593E  04 

0.4297E  04 
0.4138E 0 4  
0.3970E  04  
0.3799E 0 4  
0.3624E  04 
0.3445E 0 4  

0.3082E 0 4  
0.3265E 0 4  

0.2895E  04 

0.5470E-C4 
0.5466E-04 
0.5452E-04 
0.5428E-04 
C.5395E-04 
0.5353E-04 
0.5301E-C4 
0.5240E-04 
0.5169E-04 
0.5089E-04 
0.4999E-04 
0.4900E-04 
0.4793E-04 

C.4549E-04 
0.4675E-04 

0.4415E-04 
0.4273E-04 
0.4125E-04 
0.3973E-04 
C . 3 8 1 4 E - 0 4  
C.3653E-04 
C.3489E-04 
0. 3321E-04 
C. 3147E-04 

0. 
0 . 0 4 1  
C.083 

0.166 
0.124 

0.208 
0.251 
0.294 
0.337 
0.381 
0.426 
0 .471  
0 .519  
0.565 
0.612 
0.660 
0.709 
0 .759  
G.809 

0.912 
0.860 

0.964 

1.073 
1.018 

-0 .0531  
-0 .0517  
-C.O474 

-0 .0303  
- 0 . 0 4 0 3  

-0 .0173  
-c .o012 

0.0405 
0 . O l t ) O  

0.0959 
0 .0664  

0 .1292  
0.1665 
0.2079 
0 .2537  
0 .3041  
0.3595 
0 . 4 2 0 0  

0 .5577  
0.4860 

0.6356 
0.7 198 
0.8109 
0.9OYl 

-r SONIC L I N E  1 F l E L O  C A T A  1 
Y 0  1 v M 1 P S I  X B  XB RHO 

SLUGlCU FT 

0.3219E-04 
0.3286E-04 
0. 335qE-04 
0.3442E-04 

0.3646E-04 
0.3537E-04 

0.3773E-04 
0.3920E-04 
0.4095E-04 
0.4309E-04 
C.4575E-04 
0.4908E-04 
0.5336E-04 

THETA 

R A D  

0.8901 
0.8838 
0.8791 
0.8753 
0.8722 
0.8698 
0.8679 
0.8663 
0.8651 
0.8642 
0.8634 
0.0626 
0.8620 

P 

LR lSC F T  

0.2972E 0 4  
0.2996E  04  
0.3022E 0 4  
0.3052E 0 4  
0.3085E 0 4  
0.3122E 0 4  

0.3211E 0 4  
0.3164E 0 4  

0.3263E 0 4  
0.3322E 0 4  
0.3390E  04 
0.3467E 0 4  
0.3556E 0 4  

F r l S E C  

0.2294 
0.2244 
0.2195 
0 .2147  
0.2098 
0.2050 
0 .2c02  

0.1905 
0.1953 

O.18S7 
0 .1810  
0.1762 
0.1715 

-0 .0157  
-0.0016 

O . O I j 8  

0 . 0 4 8 8  
0.0306 

0.0684 
0.0892 
0.1108 
0.1328 
0 .1551  
0 .1772  

0 .2091  
0.1989 

0.2883 
0.3127 
0 .3390  
0.3675 
0.3976 
0.4289 
0.46C5 
0.4916 
0.5214 
0.5497 
0 .5761  
0.60C6 
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TABLE 11.- REKL-GAS SOLUTIONS FOR A I R  - CONTINUED 

A L T I T U O E  = 150.000 FT V E L O C I T Y  = 45,OCC  FT/SEC 

1 BOOY  OATA SHOCK  SHAPE 
. .  

P H I  

R A D  

0 .  
0 . 0 2 2 6  
0 .0452 
0 .0678 
0 .0904 
0.1131 
0.1359 

0.1816 
0.1587 

0 .2046 
0 .2277 

0 . 2 7 4 3  
0.25C9 

0 .2978 
0.32  16 
0 . 3 4 5 4  
0 .3696 
0.3939 
0.4185 
0 .4434  
0 . 4 6 8 5  

0 . 5 1 9 9  
0 .4940 

0 . 5 4 6 1  
0 . 5 7 2 7  
0 .5998 
0 .6274 
0 .6555 
0 . 6 8 4 2  

- - - " - " 

. ~ .  

Y E  

. 

0 .  
0 .0226 

C.0677 
0 . 0 4 5 1  

0 . 0 9 0 3  
0 . 1 1 2 9  
0 . 1 3 5 4  
C.1580 

0 .2032 
0 .  I 8 0 6  

0 .2257 
C.2483 
0 . 2 7 0 9  
0 . 2 9 3 4  
0.316C 
C.3386 

0 . 3 8 3 7  
0 . 3 6 1 2  

0 . 4 0 6 3  
0 . 4 2 8 9  
0.4515 
0 .4740 
C.4966 
C.5192 
0 .5418 
0 . 5 6 4 3  
0 . 5 8 6 4  
0.6095 
C.6320 

P 

L E / S C  F T  

0 .6987E  04  
0 . 6 9 8 3 E   0 4  

0.6947E  04 
0 . 6 9 6 9 E   0 4  

0 .6916E 0 4  
0 . 6 8 7 6 E   0 4  
0 .6827E 0 4  
0.6769E  04 
0 .6702E  04  
0 .6626E 0 4  
0 .6542E  04  
0.6449E  04 
0.6347E  04 
0 . 6 2 3 7 E   0 4  
0 .6119E 0 4  
0 .5993E 0 4  

0 . 5 7 1 7 E   0 4  
0 .5859E 0 4  

0.5569t 04 
0 .5413E 0 4  
0 . 5 2 5 1 E  0 4  
0 .5082E 0 4  
0 .4909E  04  
0 .4730E  04  
0 .4541E  04  
0 . 4 3 6 1 E   0 4  
0 .4172E  04  
0 .3982E  04  
0 .3791E  04  

__ 

~~ - - 

RHO 

S L U G / C U  F T  

C.5566E-04 
0 . 5 5 6 3 E - 0 4  
0 .5554E-04 
0 .5538E-04 
0 .5515E-04 
0 .5487E-04 
0 .5452E-04 
0 .5411E-C4 
0 .5363E-04 
0 .5308E-04 
0 . 5 2 4 7 E - 0 4  

0.5106E-04 
0.5118E-C4 

0.503lE-04 
0 . 4 9 5 1 E - 0 4  
0 . 4 9 0 7 E - 0 4  
0.4801E-04 

0 . 4 5 6 6 E - 0 4  
0 . 4 6 8 9 E - 0 4  

0 .4430E-C4 
0 . 4 2 7 7 E - 0 4  

0 .4029E-04 
0 .4155E-04 

0 .3894E-04 
0 . 3 7 4 0 E - 0 4  
0 - 3 6 0 6 E - 0 4  
0 .3469E-04 
0 .3329E-04 
0.3191E-04 

.. ____. 

- 

M I  HT E R R O R  Y 0  V 

F T l S E C  
. .  . 

0 .  
0 .4002E 0 3  

0 .12O lE   04  
O . 8 O O l E  c 3  

0 .1603E 0 4  
0 .2006E  04  

x 0  

-0 .0523 
-0 .0514  

- 0 . 0 4 4 1  
- 0 . 0 4 8 7  

- 0 . 0 3 7 8  
- 0 . 0 2 9 5  
- 0 . 0 1 9 4  
- 0 . 0 0 7 3  
0.0068 
0 . 0 2 2 9  
0 . 0 4 1 1  

0.0841 
0 . 0 6 1 5  

0.1091 
C .  1 3 6 5  
0 . 1 6 6 5  
0 . 1 9 9 0  
0 . 2 3 4 3  
0 . 2 7 2 5  
0 . 3 1 3 6  
0 . 3 5 7 9  
0 . 4 0 5 4  
0.4563 
0 . 5 1 0 7  
0 . 5 6 8 8  
0.6308 
0.6968 
0 . 7 6 7 0  
0 . 8 4 1 5  

0. 

0.0010 
O.OC03 

O.CO23 
0.004 I 
0 - C C 6 4  
0 .  C092 

O.Cl64  
O.CI2b 

0 .C208 
0.C258 

0 .03  74 
0.C313 

0.C441 
0 . 0 5 1 3  
0.C591 
0 . 0 6 7 6  
0 .C767 
0 . 0 8 6 5  

0 . 1 0 8 0  
0 .C969 

0 . 1 3 2 4  
0 . 1 1 9 8  

C .  1457 
0 . 1 5 9 9  
0 . 1 7 4 8  
0 . 1 9 0 6  
0 . 2 0 1 4  
0 . 2 2 5 0  

0 .  
0 .034 
0 .068 
0.101 
0 . 1 3 5  
0.170 
0 .204 

0 . 2 7 3  
0 .238 

0.308 
0 . 3 4 4  

0 .415 
0 .379 

0 . 4 5 1  
0.488 
0.528 
0 . 5 6 5  
0.603 
0 . 6 4 2  

0 .725 
C.681 

0 . 7 6 4  
0.804 
0.843 
0.880 
0 . 9 2 3  
0 .966 

1 .054 
1.010 

0 .  
0 .0451 
0.0903 
0 . 1 3 5 4  
0 . 1 8 0 6  

-0 .0023 
- 0 .  c 0 2 2  
- 0 . c o 2 1  
-0.0019 
- 0 . 0 0 1 6  
- 0 . 0 0 1 2  
-0.COO8 
-0.COO3 

0 . 0 0 0 3  
o . c o 1 1  
o . c o 2 2  

0 . 0 0 4 2  
0 . 0 0 3 4  

0 .0045 

- 0 . 0 0 4  7 
O.CO44 

- 0 . 0 0  1 9  
0.0017 
0 - C o b 6  
0 .C137 
0 . 0 2 5 1  

0 . 0 2 8 4  
0 . 0 2 6 7  

0 .C312 
0 . 0 3 8 7  

0 . 0 4 1 7  
0 . 0 4 0 1  

0.0448 
0 . 0 4 3 6  

0 . 2 2 5 1  
0.27C9 0 .2412E  04  

O.ZR19E c 4  0 . 3 1 6 0  
0 . 3 6 1 2  
0 . 4 0 6 3  

0 .3229E  04  
0 .3642E  04  
0 .4057E C4 

0 .4891E  04  
0 .4473E  04  

0 . 5 3 1 4 E  0 4  
0 .5744E 0 4  
0.6184E  04 
0 . 6 6 2 0 E   0 4  
0 .7062E 0 4  

0 .4515 

0 . 5 4 1 8  
0 . 4 9 6 6  

0.5869 
0 . 6 3 2 0  
0 . 6 7 7 2  
0 . 7 7 2 3  
0 . 7 6 7 5  
0 . 8 1 2 6  
0 . 8 5 7 8  
0 .9029 
0 .9481 
0 .9932 
1 .0384 
1.0835 

1 . 1 7 3 8  
I .  1 2 8 6  

1 . 2 1 8 9  
1 .2641 

C.7515E  04 
0 .7980E C4 
0 .850bE  04  

0.940RE  04 
0 .8959E 0 4  

0 .9847E  04  
0.1029E  05 
0 .1076E 0 5  
0 .1125E  05  
O.1173E C5 
0 .1221E  05  

"" 

T F I E L O  C A T 4  SONIC  LINE 
.. ~- "_ 

T H E T A  

~~ 

R A C  

0 .8962 
0 .8902 
0 . 8 8 5 3  
0 . 8 8 1 5  
0 . 8 7 8 4  
0 . 8 7 6 0  
0 .8740 
0 . 8 7 2 5  
0 .8713 
0 . 8 7 0 4  
0 . 8 6 9 7  
0.8690 
0.8685 

~ 

" 

V 

F T l S E C  

0 .1306E 0 5  
0 .1217E C5 

0 .1405E 0 5  
0 .1508E C5 
0 .1613E 0 5  
0 .1721E  05  
0 .1832E 0 5  
0 .1946E  05  
0.2063E 05 
0.2184E 05 
0 . 2 3 0 9 E   0 5  
0 .2437E 0 5  
0.2569E 0 5  

- 

X B  Y0 M P S I  RHO 

S L U G I C U  F T  

0 . 3 3 0 8 E - 0 4  
0 .3204E-C4 

0 .3400E-04 
0 . 3 4 8 7 E - 0 4  
0 . 3 5 9 3 E - 0 4  
0 - 3 7 1 0 E - 0 4  
0 .3846E-04 
0 .3999E-04 
0.4177E-C4 
0 - 4 3 7 9 E - 0 4  
0 .4619E-04 
0 .4902E-04 
0 - 5 2 4 6 E - 0 4  

___ 
1.050 
1 .138 
1 .233 

1 . 4 3 5  
1 .332 

I .  543 
1 .658 
1 .780 
1.909 

2.201 
2 . 0 4 9  

2.365 
2 .546 

0 .  
0 .1235E-02 
0 . 2 6 5 2 E - 0 2  
0 .4220E-02 
0 .5951E-02 
0 .7867E-02 
0 .9985E-02 
0 - 1 2 3 3 E - 0 1  
0 . 1 4 9 4 E - 0 1  

C . 2 1 0 7 E - 0 1  
0 . 1 7 8 3 E - 0 1  

0 .2469E-01 
C.2817E-01 

0.3809E  04 
0 . 3 8 3 7 E  0 4  

0 . 2 2 3 3  
0 . 2 1 8 6  
0 . 2 1 3 7  
0 . 2 0 8 9  
0 . 2 0 4 0  
0 . 1 9 9 2  
0 . 1 9 4 4  
0 .1896 
0 - 1 8 4 8  
0.1800 
0 . 1 7 5 2  
0 . 1 7 0 4  
0 .1657 

0 . 6 2 9 9  
0 .6337 
0 .6376 
0 .6415 
0 .6454 
0 .6492 
0 .6531 
0 .6569 
0 .6608 
0 .6646 
0 .6684 
0 .6722 
0 . 6 7 6 0  

0 .3870E 0 4  
0.3908E  04 
0 .3950E  04  
0 .3998E 0 4  
0 .4052E 0 4  
0 .4112E 0 4  
0 . 4 1 8 1 E   0 4  
0 .4259E 0 4  
0 .4347E  04  
0 . 4 4 4 6 E   0 4  
0 . 4 5 5 9 E  04  
. . "_ 

0 . 1 0 8 4  I 0 . 4 8 6 7  0 .1302 0 .5167 
0 . 1 5 2 3  0 .5453 
0 . 1 7 4 0  0 . 5 7 1 4  
0 .1949 0.5951 
0 . 2 0 3 4  I 0.6042 
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TABLE 11.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED 

ALTITUDE = 200,000 FT  VELOCITY = 10,000 FT/SEC 

"" ~ . I .. . I -. . 
SHOCK SHAPE B O O Y  O A T A  

. . -  

Y 8  

- .  . -  

0.0499 
0. 

0 .0998  
0.1497 
0.1995 
0.2494 
0.2993 
0.3492 

0.4490 
0.3991 

0.4989 
0 .5488  
0.5986 
0.6485 
0.6984 
0.7483 
0.7982 
0 . 8 4 8 1  
0.8980 
0.9479 
0.9977 
1.0476 
1.0975 

1.1973 
1.1474 

1.2472 
1.2971 

" " 

. . 

X8 

. . - - " . . 

-0.0840 
-0.0850 

-0.0760 
-0.0810 

-0.0599 
-0.0690 

-0 .0356  
-0.0488 

-0.0202 
-0.0027 

0.0389 
0.0170 

0.0632 
0.0898 
0.1188 

0 .1844  
0.1503 

0.2211 
0.2604 
0.3025 
0.3475 
0.3953 
0.4462 

0.5573 
0.5001 

0.6176 
0 .6814  

. . . . . . . 

X B  Y B  V 

FT lSEC 

pH I 

R A E  

P 

LB/SC  FT 

RHO 

SLUGlCU F T  

H HT E R R O R  

0. 
O.CO03 
0.0013 
O.CO28 
O.CO5C 
O.CO78 
O.Cl13 

o .ozo1  
0.C154 

0.0255 
0.0316 
0.C384 
0 . 0 4 5 8  
0.0540 
0.0630 

0.0831 
0.C726 

0.0943 
0.1064 
0.1194 
0.1333 
0 .1481  
0.1640 

0.199C 
0.1809 

0.2182 
0.2388 

0. 
0.0249 
C.0499 
G.0748 
0.0998 
0.1247 
0.1497 
0.1746 
0.1995 
0.2245 
C. 2494  

0.2993 
0.2744 

0.3243 
0,3492 

0.3991 
0.3742 

0.4240 
0.4490 
0.4739 
0.4989 
0.5238 
0.5488 

0.5986 
c.5737 

0.6236 
0.6485 

0. 
0 .1194E  03 
0 .2388E  03  
0 .3583E  03  
0.4782E 0 3  
0.59B4E 0 3  
C.7190E 0 3  
0 . 8 4 0 l E  C3 

0.1084E  04 
0 .961rE  03 

0.1207E 0 4  
0.1331E 0 4  
0.1455E 0 4  
0.1585E 0 4  
0.1711E 0 4  
0.1837E 0 4  
0.1964E 0 4  
0.2094E  04 
0.2230E 0 4  

0.2499E  04 
0.2364E 0 4  

0.2780E 0 4  
0.2639E 0 4  

0.2922E 0 4  

0.3216E 0 4  
0.3368E 0 4  

0 . 3 0 6 8 ~  04 

0. 
0.0249 
0.0499 
0.0749 
0.0999 
0.1250 
0.1502 

0.2009 
0.1755 

0 .2264  
0 .2521  
0.2779 
0.3040 
0.3302 
0.3567 

0 . 4 1 0 5  
0.3835 

0.4379 
0.4656 
0.49 37 
0.5223 
0.5513 
0.5809 
0.6110 
0.6418 
0.6733 
0.7057 

0.5850E  02 
0 .5846E  02  
0.5833E  02 
0 .5811E  02  
0.5781E  02 
0 .5742E  02  
0 . 5 6 9 5 t   0 2  

0.5575E  02 
0 .5639E  02  

0.5503E  02 
0 .5422E  02  
0 .5334E  02  
0 .5237E  02  
0 .5134E  02  
0 .50Z2E  02  

0 . 4 7 7 7 t   0 2  
0.4903E  02 

0 .4644E  02  
0.4504E  02 
0 .4356E  02  
0 .4204E  02  

0 .3879E  02  
0 .4044E  02  

0 .3536E  02  
0.3710E  02 

0 .3176E  02  
0 .3359E  02  

0.6060E-05 
0 .6056E-05  
0.6044E-05 
0.6025E-05 
0.5997E-05 
0.5962E-05 
0.5919E-05 

0.5810E-05 
0.5869E-05 

0.5744E-05 
0.5671E-05 
0.5589E-05 
0.5501E-05 
0.5406E-05 
0.5302E-05 
0.5192E-05 
0.5075E-05 
0.4951E-05 
0.4820E-05 
0.4682E-05 
0.4538E-05 
0.4387E-05 
0.4230E-05 
0.4068E-05 
0.3900E-05 
0.3729E-05 
0.3550E-05 

0. 
0.036 
0.072 
0.108 
0.144 
0.180 

0.253 
0.217 

0.290 
0.328 
0.365 
0.403 
0.441 
0.481 
0.520 

0.599 
0.559 

0 . 6 4 0  
0.682 
0 .725  
0.768 
0.813 
0.859 

0.954 
0.906 

1.003 
1.054 

0.0001 
0.0001 
0 .0001  
0.0001 
0.0001 
0. coo0 
0.0000 
0.0000 
0.0000 
0.0000 

-0.0000 
0.0000 

-0.0000 
-0.0000 
-0.0001 
-0.0001 
-0.0003 

-0 .0004  
-0 .0004  

-0 .0006  
-0.0008 
-0.00 I O  
-0.0013 
-0.00 1 7  
-0 .0019  
-0.0024 
-0.0029 

". .- ._ 
SONIC L I N E  F IELO D A T A  

" .- - 

Y B  

." . . . . . 
0 .3887 
0.4125 
0.4358 
0.4588 
0 . 4 8 1 4  
0.5033 
0.5243 
0.5442 
0.5629 
0.5803 

0 .6111  
0.5964 

0.6223 
- . . . . . . . -. 

" 

RHO 

SLUG/CU FT 
~" __ 

0 -  3564E-05 
0.3663E-05 
0.3738E-05 
0.3818E-05 
0.3902F-05 
0.3990E-05 
0.4083E-05 
0.4181E-05 
0.4284E-05 

0.4504E-05 
0.4391E-05 

0.4620E-05 
0.4741E-05 _ _ ~  

. . . . . . . - . 

X 8  

. .. .. - 

-0.0236 
-0.0038 

0 .0164  
0.0369 
0.0577 
0.0787 
0.0997 
0.1207 
0.1414 
0.1618 
0.1818 
0.2013 
0.2172 
. . .~ 

X 8  Y 8  n 

"" 

1.050 

1.181 
1.125 

1.295 
1.237 

1.354 
1.415 
1.476 
1.538 
1.600 
1.663 
1.727 
1 - 7 9 0  
" 

P S I  

- . . . . . - - - 
C. 

0 .1392E-03 
0.7827E-04 

0.2047E-03 
C.2751E-03 

0.4313E-03 
0.3505E-03 

0.5179E-03 
0.6106E-03 
0.7097E-03 
0.8156E-03 
0.9286E-03 
0.1049E-02 - . . " . . . 

THETA 

RAD 

0 .8671  

0.8454 
0.H534 

0.8385 
0.8326 
0.8275 
0.8230 
0.8190 
0.8154 
0.8121 
0.8090 
0.8061 
0.8031 

P 

LUISC F T  

0.3253E  02  
0.3190E  02 

0 .3298E  02  
0 .3345E  02  
0 .3394E  02  
0 .3444E  02  
0.3496E  02 
0 .3549E  02  
0 .3604E  02  
0 .3660E  02  
0 . 3 7 1 7 E   0 2  
0 .3774E  02  
0 .3832E  02  

~- 

V 

FTISEC 

0.3357E 0 4  
0.3584E 0 4  
0.3750E 0 4  
0.3919E  04 
0.4090E C4 
0.4263E  04 
0.4438E 0 4  
0 . 4 6 1 3 E  0 4  
0.4790E C4 

0.5142E 04  
0.4966E  04 

0.5317E  04 
0.5491E  04 

0.2373 

0.2178 
0.2259 

0.2098 
0.2018 
0 .1938  
0.1858 
0.1779 
0.1700 

0.1543 
0. I 6 2 1  

0.1465 
0.1387 

C.6467 

0 .6632  
C.6563 

0.6700 
0.6768 
0.6836 
0.6904 
0.6971 
0.7038 
0.7105 
0.71  71 
0.7237 
0.7303 



X 8  

0.  
0 .0003 
0 .0011  
0 .0025 
0. C044 
0 .0070 
0.0100 
0.0137 
0 .0179 
0 . 0 2 2 7  
0 . 0 2 8 1  
0 - 0 3 4 2  
0 . 0 4 0 8  
0 .0481 
0.0561 
0.0647 
0 . 0 7 4 1  
0 . 0 8 4 1  
0 . 0 9 4 9  
0 . 1 0 6 4  
0 -  1186 
0 . 1 3 1 7  
0 . 1 4 5 6  
0 . 1 6 0 3  

0 . 1 9 2 7  
0 -  1 7 6 0  

0 . 2 1 0 4  
0 . 2 2 9 4  

. .  

. .. - 

. . . ., . . . . 

Y B  

. .  

0.  
0 .0236 
0 .0472 
0 .0708 
0 .0944 
0.1180 
0 . 1 4 1 6  
0 .1652 
0.1888 
0 . 2 1 2 4  

0 .2596 
0 .2360 

0 - 2 8 3 2  

0 .3305 
0 .3541 

0 .401 3 
0.3777 

0 .4249 
0 .4485 
0 . 4 7 2 1  
0 .4957 
0 . 5 1 9 3  
0.5429 

0.5901 
C -  5 6 6 5  

0 .6137 
0 . 6 3 7 3  

0 .3068 

- . .  

. . ... " .  . - 

. . . - - . . 

X 8  

0 . 2 2 6 7  
0 . 2 2 1 9  
0 .2155 
0 . 2 0 9 0  
0 . 2 0 2 6  

0 . 1 8 9 8  
0 .1962 

0 . 1 8 3 4  
0 . 1 7 7 1  
0 .1707 
0 .1644 
0 . 1 5 8 2  
0 .1519 . _  " 

."" . 

YB 

~ - 

0.6340 
0 . 6 3 7 9  
0 .6432 
0 . 6 4 8 6  
0 . 6 5 3 8  

0 . 6 6 4 3  
0 .6591 

0.6696 
0- 6 7 4 8  

0 .6852 
0.6800 

0 . 6 9 0 3  
0.6955 

. . . - . . - . .- . 

TABLE 11.- REAL-GAS SOLUTIONS FOR A I R  - CONTINUED 

ALTITUDE = 2 0 0 , 0 0 0  FT VELOCITY = 15,000 FTlSEC 

B O D Y  DATA T 

FTlSEC 
. . .. . . . . - 

0. 
0 . 1 5 7 6 E   0 3  
0 - 3 1 5 2 E   0 3  
0 . 4 7 3 1 E   0 3  
0 . 6 3 1 7 E   0 3  
0 . 7 9 1 0 E   0 3  
0 . 9 5 1 1 E   0 3  
O.1112E 0 4  
O - 1 2 7 4 E   0 4  
0 . 1 4 3 8 E   0 4  

0 . 1 7 6 8 E   0 4  
0 . 1 6 0 2 E   0 4  

0 .1935E  04  
0 . 2 1 0 2 E   0 4  
0 . 2 2 7 4 E   0 4  
0 .2445E 0 4  
O.2614E  04 
0 . 2 7 8 3 E   0 4  
0 . 2 9 5 5 E   0 4  
0 .3131E  04  
0.3310E  04 
0 . 3 4 8 7 E   0 4  
0 - 3 6 7 0 E   0 4  
0.3863E  04 
0.4060E  04 

0 . 4 4 7 8 E   0 4  
0 . 4 2 6 4 E   0 4  

0 . 4 6 9 6 E   0 4  

. -. . . . . . . 
RAD 

0 .  
0 .0236 
0 .0472 

0 .0946 
0 .0709 

0 .1183 
0 .1421 
0.1660 
0.1900 
0.2140 
0 .2383 
0 .2626 
0 . 2 8 7 1  
0 .3118 
0 . 3 3 6 8  
0 . 3 6 1 9  
0 . 3 8 7 3  
0 .4129 
0 . 4 3 8 9  
0 .4651 
0 .4917 
0 .5187 
0 . 5 4 6 1  
0 . 5 7 4 0  
0 . 6 0 2 3  

0 . 6 6 0 7  
0 .6312 

0.6910 

P 

L B l S Q  F T  

0 . 1 3 2 2 E   0 3  
-. .. 

0 . 1 3 2 Z E   0 3  
0 . 1 3 1 9 E   0 3  
0 . 1 3 1 4 E   0 3  
0 . 1 3 0 8 E   0 3  
0 . 1 3 0 0 E   0 3  
0 . 1 2 9 0 E   0 3  
0 . 1 2 7 8 E   0 3  
0 . 1 2 6 5 E   0 3  
0 . 1 2 4 9 E   0 3  
0 . 1 2 3 2 E   0 3  
0 . 1 2 1 3 E   0 3  
0 - 1 1 9 2 E   0 3  
0 . 1 1 7 0 E   0 3  
0 .1146E 0 3  
0.112OE 0 3  
0 . 1 0 9 3 E  0 3  
0.1065E 0 3  
0.1035E 0 3  
0 . 1 0 0 4 E  0 3  
0 .9724E  02  
0.9390E  02 
0 .9039E  02  
0 . 8 6 7 1 E   0 2  
0 .8280E  02  
0 .7874E  02  

0 . 7 0 1 l E   0 2  
0 . 7 4 4 8 ~   0 2  

RHO 

SLUGlCU F T  

0 .7263E-05 
0 . 7 2 5 9 f - 0 5  
0 .7246E-05 
0 .7225E-05 
0 .7196E-05 
0 .7157E-05 
0 . 7 l l O E - 0 5  
0 .7055E-05 
0 .6991E-05 
0.6918E-05 

0.  6746E-05 
0 .6837E-05 

0 .6646E-05 
0 .  6539E-05 
0 . 6 4 1 7 E - 0 5  
0 .6295E-05 
0 .6168E-05 
0 .6036E-05 
0 .5900E-05 
0 .5756E-05 
0 .5612E-05 
C.5447E-05 
0 .5272E-05 
0 .5089E-05 
0 . 4 8 9 5 E - 0 5  
0 .4691E-05 
0 .4469E-05 
0 .4249E-05 

- - 

."" 

H 

0 .  
0 . 0 3 4  
0 .068  
0 .103 
0 .137 
0 . 1 7 2  
0 . 2 0 6  
0 . 2 4 2  
0 . 2 7 7  
0 . 3 1 3  
0 .349 
0 . 3 8 5  
0 .422 
0 . 4 5 9  
0 . 4 9 7  
0 . 5 3 5  
0 .572 
0 . 6 1 0  
0 . 6 4 9  
0 . 6 9 0  
0 . 7 3 1  
0.712 
0 . 8 1 4  
0.859 
0 . 9 0 5  
0 . 9 5 3  
1 . 0 0 4  
1 .058 

~ " 

HT E R R O R  

0.0005 
0.0005 
0.0005 

0 . 0 0 0 4  
0 . 0 0 0 4  

0 . 0 0 0 3  
0 . 0 0 0 3  
0 . 0 0 0 2  
0.000 1 

-0 .000  1 

- 0 . 0 0 0 3  
- 0 . 0 0 0 3  

- 0 . 0 0 0 4  
- 0 . 0 0 0  3 

0 . 0 0 0 9  

-0 .0006  
O . C O 0 3  

-0.001 9 
- 0 . 0 0 3 7  
-0.CO53 
- 0 . 0 0 8 0  
- 0 . 0 0 8 3  
-0 .0082 
- 0 . 0 0 8 4  

-0.0098 
- 0 . 0 0 9 2  

- 0 . 0 0 8 9  
- 0 . 0 1 0 2  

. - - -. -. . . " 

V 

~ 

F T l S E C  

0 .4666E  04  
0 .4864E  04  
0 .5142E 0 4  
0 . 5 4 3 2 E   0 4  
0 . 5 7 3 1 E   0 4  
0 . 6 0 4 0 E   0 4  
0 .6358E  04  
0 . 6 6 8 5 E   0 4  
0 . 7 0 2 4 E   0 4  
0 .7374E  04  
0 - 7 7 3 9 E   0 4  
O.812OE 0 4  
O.8517E  04 
- - - - - . . . 

-. __ 

T H E T A  

R A D  

0 . 8 8 2 9  
0 .8767 
0 . 8 6 9 9  
0 . 8 6 4 2  
0.8596 

0 . 8 5 2 7  
0 . 8 5 5 8  

0.8502 
0 . 8 4 8 1  
0 . 8 4 6 3  
0 .8447 
0 .8433 
0 .8420 
" ". - 

P 

L I - l S C  F T  

0 .7072E  02  
0 .7133E  02  
0 . 7 2 2 5 E   0 2  
0 .7321E  02  
0 . 7 4 2 4 E   0 2  
0 .7535E  02  
0 .7654E  02  
0 .7782E  02  
0 - 7 9 2 1 E   0 2  
0 .8071E  02  
0 .8235E  02  

- . 

0 .8413E  02  
0 .8607E  02  

RHO 

SLUGlCU F T  

0 .4279E-C5 
0 . 4 3 4 6 E - 0 5  
0 .4449E-05 
0 .4565E-05 
0 .4693E-05 
0 .4837E-05 
0.5000E-05 
0.5190E-05 
0 . 5 4 l b E - 0 5  
0.5688E-05 
0.6015E-05 
0 . 6 4 0 l E - 0 5  
0.6825E-05 - __ . . . . . - - . 

1.050 
1 .097 
1 .164 

1 .309 
1 . 2 3 5  

1 . 3 8 8  
1.472 
1 .563 
1.661 
1.770 
1 .893 
2 .032 
2.184 
" . .- - . - 

P S I  

. - - . -. - 

0 . 5 7 5 9 E - 0 4  
0 .  

0 . 1 4 2 3 E - 0 3  
0 . 2 3 4 6 E - 0 3  
C.3351E-03 

0 . 5 6 4 4 E - 0 3  
0 .4447E-03 

0 . 6 9 5 3 E - 0 3  
0 .8392E-03 
0 . 9 9 8 0 E - 0 3  
0 . 1 1 7 4 E - 0 2  
0 . 1 3 7 2 E - 0 2  
0 .1593E-02 - 

SHOCK S H A P E  

i 

-0 .0692 

0 . 0 9 4 4  - 0 , 0 6 5 4  
0 . 0 4 7 2  - 0 . 0 6 8 3  
0 .  

- 0 . 0 5 4 0  0 .1888  
- 0 . 0 6 0 7   0 . 1 4 1 6  

- 0 . 0 4 5 4   0 . 2 3 6 0  
- 0 . 0 3 4 8  0 . 2 8 3 2  
- 0 . 0 2 2 1  0 . 3 3 0 5  
- 0 . 0 0 7 3  0 . 3 7 7 7  

0.0096 

0.5665  0 .073 '3 
0 .5193   0 .0501  
0 . 4 7 2 1   0 . 0 2 8 7  
0 . 4 2 4 9  

0 . 1 0 0 2  

0 . 7 0 8 1  0.1606 
0.6609 0 . 1 2 9 1  
0 . 6 1 3 7  

0 .2321 0 . 8 0 2 5  
0 . 1 9 4 9   0 . 7 5 5 3  

0 .3157  0.8969 

0 . 4 1 2 4  
0 . 9 4 4 2  0 . 3 6 2 3  
0 . 9 9 1 4  

0 . 4 6 5 9  1 . 0 3 R 6  
0.5232 1.0858 
0 . 5 8 4 3  1 . 1 3 3 0  
0 . 6 4 9 4   1 . 1 8 0 2  
0 . 7 1 8 7   1 . 2 2 7 4  
0 .7922   1 .2746  

0.2723 0 . 8 4 9 7  

SONIC L I N E  

57 



TABU 11.- RFAL-GAS S O L U T I O N S  FOR A I R  - C O N T I N U E D  

A L T I T U D E  = 2 0 0 . 0 0 0  FT VELOCITY = 2 0 , 0 0 0  F T I S E C  

n 

0. 
0 .034  
0.068 
0.102 
0 . 1 3 7  
0 . 1 7 1  
0 . 2 0 6  
0 .241  
0 . 2 7 6  
0 .311  
0 . 3 4 7  
0 .383  

0 . 4 5 6  
0 .419  

0 . 5 3 2  
0 .494  

0 . 5 6 9  
0.608 
0 . 6 4 7  
0 . 6 8 7  
0 . 7 2 8  
0 .769  

0.855 
0.811 

0 . 8 9 8  
0 . 9 4 3  
0 . 9 8 9  
1 .035  
1 .082  

~~ 

SHOCK SHAPE 
.. - -  

~- . 

Y B  

.~ 

0. 

0 . 0 9 2 4  
0 .0462 

0 . 1 3 8 5  

0 . 2 3 0 9  
0 . 1 8 4 7  

0 . 2 7 7 1  
0 .3233 
0 . 3 6 9 4  
0 .41  56 
0 . 4 6 1 8  
0.5080 

0.6003 
0 .5542 

0 .6465 
0 . 6 9 2 7  
0 . 7 3 8 9  
0 . 7 8 5 1  
0.83 12 
0 .8774 
0 . 9 2 3 6  
0 . 9 6 9 8  
1 . 0 1 6 0  

1 . 1 0 8 3  
I .  0 6 2 1  

1 . 1 5 4 5  
1 . 2 0 0 7  
1 .2469 
1 .2930 

. .  

I 
X B  

~ . .. 

- 0 . 0 5 5 5  
-0 .0546 
- 0 . 0 5 1 8  
- 0 . 0 4 7 2  

- 0 . 0 3 2 2  
- 0 . 0 4 0 7  

- 0 . 0 2 1 9  
-0 .0096 

0 . 0 0 4 8  
0 . 0 2 1 2  
0 .0397 
0 . 0 6 0 4  

0 . 1 0 8 5  
0 .0833 

0 . 1 3 6 2  
0 .1664 
0 . 1 9 9 1  
0 . 2 3 4 5  
0 . 2 7 2 6  
0 .3137 
0 . 3 5 7 7  
0 . 4 0 4 9  
0 . 4 5 5 2  
0 . 5 0 9 0  
0 .5662 
0 . 6 2 7 0  
0.6915 

0 . 8 3 2 4  
0 . 7 6 0 0  

P I R H O  HT E R R O R  

0 . 0 0 0 3  
0 . 0 0 0 3  
0 .0003 
0 .0002 

0 . 0 0 0 2  
0 . 0 0 0 2  

0 .0001 

-0.0000 
0.0001 

-0.0001 

-0.coo3 
-0 .0002 

-0 .0004 
-0.0005 
-0 .0005 
- 0 . C O O 6  
-0.0008 
-0.0011 
-0.00 1 4  
-0 .0017 
-0 .0019 
-0 .0020 

-0 .0022 
-0 .002  1 

-0 .0024 
-0 .0024 
- 0 . 0 0 2 6  

-0 .0029 
-0 .0026 

FT/SEC Lwsa F T  
~ _ _  
0.2369E 0 3  
0 .2368E  03  
0 . 2 3 6 3 E   0 3  
0 . 2 3 5 5 E   0 3  
0 .2344E 0 3  
0 .2330E  03  
0 . 2 3 1 3 E   0 3  
0 .2293E  03  
0 .2270E  03  
0 .2243E 0 3  
O.2214E 0 3  
0 . 2 1 8 2 E   0 3  
0 .2146E  03  
0 .2108E  03  
0 .2067E 0 3  
0.2023E 0 3  
0 . 1 9 7 7 E   0 3  
0 . 1 9 2 8 E   0 3  
0 . 1 8 7 6 E   0 3  
0 . 1 8 2 2 E   0 3  
0 .1766E  03  
0 . 1 7 0 8 E   0 3  
0 .1647E 0 3  
0 . 1 5 8 5 E   0 3  
0 . 1 5 2 1 E   0 3  
0 .1456E 0 3  
0 .1389E 0 3  
0 .1322E  03  
0 .1255E  03  

SLUGICU FT 

0 - 9 1 2 0 E - 0 5  
0.9114E-05 
0 .9099E-05 
0.9072E-05 

0.8987E-05 
0 .9035E-05 

0 .8928E-05 
0 .8859E-05 
0 .8779E-05 
O.8689E-05 
O.8588E-05 
0.8477E-05 

0 .8223E-05 
0.8355E-05 

0.8082E-05 
0- 7929E-05 
0 .7767E-05 
0.7597E-05 
0 - 7 4 1 7 E - 0 5  
0 .7228E-05 
0 .7029E-05 
0 .6822E-05 

0 .6384E-05 
0 .6607E-05 

0 - 6 1 5 6 E - 0 5  
0 .5919E-05 
0 .5680E-05 

0.5189E-05 
0.5434E-05 

~" 

R A C  

0. 

0 . 0 4 6 2  
0 .0231 

0 . 0 6 9 3  

0 .1157 
0 .0925 

0 . 1 3 9 0  
0 . 1 6 2 3  
0.1858 
0 .2093 
0 .2330 
0 .2568 
0.2807 
0 . 3 0 4 9  
0 .3292 
0 .3537 
0 . 3 7 8 4  
0 . 4 0 3 4  
0 .4286 

0 . 4 8 0 1  
0.4542 

0 . 5 0 6 3  
0 .5329 
0 . 5 5 9 9  
0 . 5 8 7 4  
0 .6154 
0 .6440 
0 .6731 
0 .7030 

0. 
0 .0231 
0 . 0 4 6 2  
0 . 0 6 9 3  
0 .0924 
0 .1154 
0 . 1 3 8 5  
0 .1616 
0 .1847 
0 .2078 
0 .2309 
0 .2540 
0.2771 
0.3002 
0 . 3 2 3 3  
0 .3463 
0.3694 
0 . 3 9 2 5  
0.4156 

0.4618 
0 .4387 

0.5080 
0 .4849 

0 . 5 3 1 1  
0 . 5 5 4 2  
0 .5772 
0.6003 
0 .6234 
0 .6465 

0. 
O.1848E  03  
0 . 3 6 9 5 E   0 3  
0 . 5 5 4 5 E   0 3  
0 .7402E  03  
0 . 9 2 6 6 E   0 3  
0 .1114E  04  

0 .1490E 0 4  
0 .1302E  04  

O. lb8OE 0 4  
0 .1871E  04  
0 .2063E 04  
0.2257E  04  
0 .2452E  04  
0 .2654E  04  
0 .2852E  04  
0 .3050E  04  
0.3250E  04 
0 .3454E  04  

0.3874E 04  
0.3664E  04 

0.4084E 0 4  
0 .4299E  04  
0 .4517E  04  
0 .4737E  04  
0 .4959E  04  
0 .5185E  04  
0.5413E 0 4  
0 .5642E  04  

SONIC L I N E  
~. - 

F I  
. - 

R H O  

SLUGICU F T  

0 .5356E-05 
0 .5482E-05 

0 - 5 6 9 1 E - 0 5  
0.5581E-05 

0 .5815E-05 
0 .5953E-05 
0.6108E-05 
0 .6280E-05 
0.6474E-05 
0.6690E-05 

0 .7205E-05 
0.6933E-05 

0.7511E-05 

~. ~ . .  . 

" 

H 

.. . . 
1 .OS0 
1 . 1 7 9  
1 .268  
1- 3 6 0  
1 . 4 5 4  
1 .551  
1 .651  

1 . 8 5 8  
1 .753  

2.079 
1 . 9 6 7  

2.194 
2 . 3 1 3  
." . 

. .  

P S I  

0. 
0 .1488E-03 
O.2616E-C3 
0 .3851E-03 
0 .5200E-03 
0.6670E-03 
0 .8273E-03 
0.1002E-02 
0.1192E-02 
0.1399E-02 
0 .1625E-02 
0 - 1 8 7 1 E - 0 2  
0.2140E-02 

.O D A T A  

P 

Lwsa F T  

0 . 1 3 0 1 E   0 3  
0.1318E 0 3  
0 . 1 3 3 1 E   0 3  
0 .1345E  03  
0 . 1 3 6 1 E  0 3  
0 . 1 3 7 9 E   0 3  
0 . 1 3 9 8 E   0 3  
0 . 1 4 1 9 E   0 3  
0 . 1 4 4 2 E   0 3  
0 . 1 4 6 8 E   0 3  

0 .1526E  03  
0 .1496E 0 3  

0 .1558E  03  - 

YB T H E T A  

FTlSEC 

0.6308 
0 .6371 
0 . 6 4 1 3  

0 . 6 4 9 7  
0 .6455 

0 .6539 
0 . 6 5 8 0  
0.6622 
0.6664 

0 . 6 7 4 6  
0 .6705 

0 .6787 
0 .6828 

0 . 2 2 4 1  
0 . 2 1 6 3  
0 . 2 1 1 1  
0 .2059 

0 . 1 9 5 6  
0 .2007 

0. 1904 
0 . 1 8 5 2  
0 . 1 8 0 1  
0 . 1 7 5 0  

0 . 1 6 4 8  
0 . 1 6 9 9  

0 .1597 

0 .6126E  04  
0.6565E 0 4  
0 .7009E 0 4  
0.7458E  04 
0 .7912E 0 4  
0.8370E 04  
0 .8833E  04  
0 .9301E 0 4  
0 . 9 7 7 1 E   0 4  

O.lO72E 05 
0 .1024E 05  

O.112OE 0 5  

0 . 8 8 1 9  
0 .8773 
0.8736 
0 .8706 
0.8682 
0.8664 
0.8649 
0 .8636 
0 .8626 

0.8610 
0.8618 

0.8603 

0.0661 

0 . 5 1 6 0  0 . 1 2 6 7  
0 . 4 8 8 6   0 . 1 0 6 1  
0 . 4 6 0 0  0 . 0 8 5 8  
0 . 4 3 0 8  

0 . 1 4 7 3  
0 . 1 6 7 7  

0 . 5 4 1 9  

0.5881 
0 . 5 6 5 9  

0.6061 
0 . 1 8 7 6  
0 . 2 0 4 7  

~ ~" 

~ ... . ... .""."... . . . .. 



TABLE 11.- REAL-GAS SOLUTIONS FOR A I R  - CONTIJ.iUED 

ALTITUOE = 200 ,000  FT VELOCITY = 25.000  FTISEC 

r "_ " 
BOOY D A T A  SHOCK SHAPE 

X B  Y B  M HT ERROR P H I  

R A E  

0.  
0 .0225 
0 .0450 
0 . 0 6 7 5  
0.0901 
0.1127 
0 . 1 3 5 4  
0 .1581 
0 .1810 
0 .2039 
0 . 2 2 6 9  
0 . 2 5 0 1  
0 . 2 7 3 3  
0 .2968 
0 . 3 2 0 4  
0 .3442 
0 .3682 

0 . 4 1 7 0  
0 .3925 

0 .4417 
0 .4668 
0 . 4 9 2 1  
0 .5178 
0 . 5 4 3 9  
0 .5705 
0 . 5 9 7 4  
0 . 6 2 4 9  

0 . 6 8 1 4  
0 . 6 5 2 9  

V 

FTISEC 

0 .  
0.2106E 0 3  
0 . 4 2 1 0 E   0 3  
0.6316E 0 3  
0 . 8 4 3 2 E   0 3  
0 .1056E  04  

0 . 1 4 8 3 E   0 4  
0 . 1 2 6 9 E   0 4  

0.1698E 0 4  
0 . 1 9 1 5 E   0 4  
O.2133E  04 
0 .2352E  04  
0 . 2 5 7 3 E   0 4  
0 .2795E  04  
0 . 3 0 2 2 E   0 4  
0 - 3 2 4 8 E   0 4  

0 .3702E  04  
0 . 3 4 7 4 E   0 4  

0 . 3 9 3 4 E   0 4  
0 . 4 1 7 1 E   0 4  
0 . 4 4 1 4 E   0 4  
0.4654E  04 

0 . 5 1 4 1 E   0 4  
0 .4895E  04  

0.539012  04 
0 . 5 6 4 1 E   0 4  
0.5896E 0 4  
0 .6156E  04  
0 . 6 4 2 0 E   0 4  

P 

L B I S ~  FT 

0 . 3 7 1 8 E   0 3  
0 .3715E 0 3  
0 . 3 7 0 8 E   0 3  
0 .3696E  03  
0 . 3 6 8 0 E   0 3  
0 .3659E 0 3  
0 . 3 6 3 3 E   0 3  
0 .3602E  03  
0 . 3 5 6 7 E   0 3  
0 . 3 5 2 7 E   0 3  
0 . 3 4 8 3 E   0 3  

0 . 3 3 8 0 E   0 3  
0 . 3 4 3 4 E   0 3  

0 .3322E 0 3  
0 . 3 2 6 0 E   0 3  
0 .3193E  03  
0 . 3 1 7 3 E  0 3  

0 . 2 9 1 0 E  0 3  
0 .3048E 0 3  

0 .2888E 0 3  
0 . 2 8 0 2 E   0 3  
0 . 2 7 1 3 E   0 3  
0 .2621E 0 3  

0 . 2 4 2 9 E   0 3  
0 .2526E  03  

0 . 2 3 2 9 E   0 3  
0 . 2 2 2 7 E   0 3  
0 . 2 1 2 3 E   0 3  
0 . 2 0 1 7 E   0 3  

RHO 

SLUCICU FT 

0.1061E-04 
0.106OE-04 
0 .1059E-04 
0 . 1 0 5 6 E - 0 4  
0 .1051E-04 
0 .1046E-04 
0 .1040E-04 
0 .1032E-04 
O. lO23E-04 
O . l O l 3 E - 0 4  
0.  lOO2E-04 

0 .9759E-05 
0 .9895E-05 

0 .9613E-05 
0 .9457E-05 
0 .9287E-05 
0 .9107E-05 
0.8917E-05 
0.8717E-05 

0 .8282E-05 
0 .8505E-05 

0 .8050E-05 
0 .7810E-05 
0 .7560E-05 
0 .7303E-05 
0 .7040E-05 
0 .6765E-05 

0 .6202E-05 
0 .6488E-05 

- 

l- - 0 . 0 4 6 6  0 . 0 4 5 0  
- 0 . 0 4 3 9  0.0900 
- 0 . 0 3 9 3  0 . 1 3 5 0  
- 0 . 0 3 3 0  0 . 1 8 0 0  
-0.0248 0 . 2 2 5 0  
- 0 . 0 1 4 7  0 .2700 

0.  
O.OC03 
o.co10 
0.0023 
0 .0041 
0.0063 
0 . 0 0 9 1  
0 . 0 1 2 5  
0 . 0 1 6 3  
0 .0207 
0 . 0 2 5 6  

0 . 0 3 7 1  
0 . 0 3 1 1  

0 . 0 4 3 7  
0.0509 
0 . 0 5 8 7  
0 . 0 6 7 1  
0 . 0 7 6 1  
0.0858 
0.0961 
0 . 1 0 7 1  
0.1188 
0 . 1 3 1 3  
0 .1445 
0 . 1 5 8 5  
0 . 1 7 3 3  
0.1891 

0 . 2 2 3 3  
0 . 2 0 5 7  

0. 
0 . 0 2 2 5  
0 .0450 
0 .0675 
0.0900 
0.1125 
0 . 1 3 5 0  
0 . 1 5 7 5  
0 . 1 8 0 0  
0.2025 
0 . 2 2 5 0  

0 . 2 7 0 0  
0.2475 

0 .2925 
0 . 3 1 5 0  
0 .3375 
0 . 3 5 9 9  
0 .3824 
0 . 4 0 4 9  
0 . 4 2 7 4  
0 .4499 
0 . 4 7 2 4  
0 .4949 
0 .5174 
0 .5399 
0 .5624 
0 .5849 

0 . 6 2 9 9  
0 . 6 0 7 4  

0.  
0 .033 
0.067 
0 . 1 0 0  
0 . 1 3 3  
0 .167 
0.201 
0.235 
0.269 
0.304 
0.339 
0 .374 
0 . 4 0 9  
0 .445 
0 .482 
0 . 5 1 9  
0 .555 
0.593 
0 . 6 3 1  
0 . 6 7 0  
0 .711 
0 . 7 5 1  
0 . 7 9 2  
0 .833 
0 .876 
0.919 
0.963 

1.056 
1 .009 

0 . 0 0 0 2  
0 . 0 0 0 2  
0 . 0 0 0 2  
0 . 0 0 0 2  
0 .0002  
0 . 0 0 0 1  
0.0001 

-0 .000  1 
0 .0000  

-0 .0002  
-0.coo2 
- 0 . 0 0 0 2  
- 0 . 0 0 0 2  

-0. c o o  7 
- 0 . 0 0 0 4  

- 0 . 0 0 1 1  
-0.0009 

- 0 . 0 0 1 5  
- 0 . 0 0 1 9  

- 0 . 0 0 2 0  
- 0 . 0 0 2 2  

- 0 . 0 0 2 4  
-0 .0027 
- 0 . 0 0 2 1  
-0 .0032 
-0 .003  7 
- 0 . 0 0 3 6  
- 0 . 0 0 4 2  
- 0 . 0 0 4 5  

-0 .0027 0 . 3 1 5 0  
0 . 0 1 1 3  0 . 3 5 9 9  
0 . 0 2 7 4  0 .4049 
0 .0455 

0 . 5 3 9 9  0 . 0 8 8 2  

0 . 4 4 9 9  

0 . 8 9 9 9  0 . 3 5 8 5  

0 .8099   0 .2744  
0 . 7 6 4 9  0 . 2 3 6 8  

0 . 6 7 4 9  0 .1697 
0 .7199 0 . 2 0 1 9  

0 . 6 2 9 9   0 . 1 4 0 1  
0 . 5 8 4 9  0 . 1 1 2 9  

0 .4949 0 . 0 6 5 7  

0 . 3 1 4 9  0 . 8 5 4 9  

0 .4052 0 . 9 4 4 9  

0 . 5 0 8 4   1 . 0 3 4 9  
0 . 4 5 5 1  0.9899 

0 . 5 6 5 3   1 . 0 7 9 8  
0 . 6 2 5 8  1 .1248 
0 .6902 1 . 1 6 9 8  
0 .7585  1 .2148 
0 .8310   1 .2598  

1 F I E L D  C A T A  I SONIC L l N F  I 1 
X B  Y E  T H E T A  

R A D  

M I x B  I y D  

R H O  

SLUGlCU F T  

0 .6237E-05 
0 .6381E-05 
0 .6502E-05 
0 .6639E-05 
0 .6793E-05 
0 .6968E-05 
0 .7167E-05 
0 .7392E-05 
0 .7648E-05 
0 .7938E-05 
O.8267E-05 
0 .8640E-05 
0 .9063E-05 

V 

F T I S E C  

0 . 6 3 8 8 E   0 4  
0 .7188E  04  
0 . 7 7 7 7 E   0 4  
0 . 8 3 7 6 E   0 4  
0 .8984E 0 4  
0.9600E 0 4  
0 .1023E  05  
0.1086E 0 5  
0 .1150E  05  

0 .1281E  05  
0 . 1 2 1 5 E   0 5  

O.1348E  05 
0 .1414E  05  

P 

L B I S U  F T  

0 .2030E  03  
0 . 2 0 5 2 E   0 3  
0 . 2 0 7 0 E   0 3  
0 . 2 0 9 1 E   0 3  
0 .2114E 0 3  
0 . 2 1 4 1 E   0 3  
O.2171E  03  
0 .2205E  03  
0 . 2 2 4 2 E   0 3  

0 . 2 3 3 1 E   0 3  
0 . 2 2 8 4 E   0 3  

0 .2383E  03  
0 . 2 4 4 0 E   0 3  

1 

0 . 2 2 1 2  
0 . 2 1 5 0  
0 .2106 

0 . 2 0 1  8 
0.2062 

0 . 1 9 7 4  
0 .1930 
0.1886 
0.1842 

0.1755 
0 .1799 

0 .1712 
0 .1668 

0 . 6 2 7 2  
0.632 1 
0 . 6 3 5 7  
0 .6392 
0 .6427 
0 . 6 4 6 3  
0 .6498 
0 .6533 
0 .6568 
0 .6603 
0 . 6 6 3 8  
0 .6672 
0 . 6 7 0 7  

0.8959 
0.8888 
0.8850 
0.8821 
0 . 8 7 9 9  
0 . 8 7 8 2  
0 . 8 7 7 0  
0 .8761 
0 .8754 

0 .8746 
0 .8749 

0 .8743 
0 .8740 

1 .050 
1 .189 
1 .293 
1 . 4 0 1  
1 .512 
1.627 
1.746 
1.869 
1.998 

2.270 
2 .131 

2 .415 
2.565 

- 0 . 0 1 4 4  0 . 2 7 1 3  
-0.0016 0 . 2 9 4 9  

0 . 0 1 2 4  0.32C7 
0 . 0 2 7 8  0.34A9 
0 .0447 0 .3791 
0 . 0 6 3 0  0 .4109  
0.0827 0 .4432 

0 . 1 2 4 4  0 .5057 
0 . 1 0 3 3  0 . 4 7 5 1  

0 . 1 4 5 6  0 . 5 3 4 5  
0 .1664 0 .5611 
0.1868 0.5855 
0 . 2 0 2 4  0 . 6 0 3 0  

0 . 1 6 7 0 E - 0 3  
0 . 3 0 4 0 E - 0 3  
0 . 4 5 5 4 E - 0 3  
0 . 6 2 2 3 E - 0 3  
0 .8058E-03 
C. lO08E-02 
O.1229E-02 
0 .1473E-02 

0 .2036E-02 
0 .1741E-02 

0 .2360E-02 
0 .2719E-02 
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TABLE 11.- REAL-GAS SOLUTIONS FOR A I R  - CONTINUED 

ALTITUDE = 200 ,000  FT  VELOCITY = 30,000  FTISEC 

I 
B C C Y  C A T A  I SHOCK SHAPE 

. . , . . . . . ._ . -. . . . 
RHO 

SLUGlCU FT 

O.lO57E-04 
0.1056E-04 
0.1055E-04 

0.1048E-04 
0.1052E-04 

0.1043E-04 
0.1038E-04 

0. lO23E-04  
0.1031E-04 

0.1014E-04 
0.1003E-04 

0.9807E-05 
0.9924E-05 

0.9678E-05 
0.9532E-05 
0.9372E-05 
0.9189E-05 
0.9017E-05 
0.8839E-05 
0.8655E-05 
0.8462E-05 
0.8256E-05 
0. 8035E-05 
0.7804E-05 

0.7314E-05 
0.7565E-05 

0.7063E-05 
0.6808E-05 
0.6537E-05 
0.6271E-05 

- - ._ . " - . -. 

. . -. . I - . . . . . I 

. _ _ _  __ - 

n HT  ERROR 

-. . . . . " . -. - - . " - - - .- . 
0. 

0.095 

o.co02 0.032 
0.0002 

0.0002 
0 .0002  

0.063 

0.127 0.0002 
0.158 
0.190 

o.coo2 
0.0001 

0.223 -0.0001 
0.255 -0.0002 
0.288 -0.0001 
0.321 -0.0001 
0.355 -0.0005 
0.388 -0.0011 
0.422 -0.0016 

0.492 -0.0013 
0.457 -0.0016 

0.530 
0.566 -0.0003 

0.0003 

0.602  -0.0011 
0.639 -0.0024 
0.676  -0 .0038 
0.715  -0 .0050 
0.754 -0.CO56 
0.794 -0.0060 
0.835 -0.0063 
0.817  -0.0061 

0.963 -0.0072 
1.008 -0.0068 
1.055  -0.0073 

0.920 -0.0066 

-4- 

_l" 

V 

F T l S E C  
.__ . -  

0. 
0.2491E G 3  
0.4979E  03  
0 .7470E  03  
0.9969E  03 
0.1248E  04 
0.1499E  04 
0.1751E  04 
0.2006E  04 
0.2262E G4 
0.7519E  04 
0.277hE  04 
0.3033E  04 
0.3292E  04 
0.3556E  04 
0.3825E  04 
0 .4115E  04  
0.4382E  04 
0.4648E  04 
0.4916E  04 
0.5187E  04 
0.5461E  04 
0.5737E  04 
0.6022E  04 
0.6308E  04 
0.6597E  04 
0.6889E  04 
0.7183E  04 
0.7485E  04 
0.7785E  04 _ _ _ _ ~  

- . . . . " 

P H I  

R P C  
. -. . . -. . 

0. 
0.0219 
0.0439 
0.0659 
0.0879 
0.1099 
0.1320 
0 .1541  
0.1764 
0.1987 
0.2211 
0.2437 
0.2663 
0 .2892  
0.3121 
0.3353 
0.3586 
0.3821 
0.4059 
0 .4299  
0.4542 
0.4788 
0.5036 
0.5289 

0.5805 
0.5545 

0.6070 
0.6339 

0.6894 
0.6614 

~~~ 

"_I .. - . -. 

P 

L B l S O  F T  

0.5351E 0 3  
0 .5347E  03  

0 .5321E  03  
0.5338E 03 

0 . 5 2 9 8 E  0 3  
0.5269E 03 
0.5233E  03 
0.5190E 03  
0.5141C 0 3  
0.5086E 03  
0.5024E 03 
0.4956E  03 
0.4881E 03 
0.48OlE 03  
0.4714E 0 3  
0.4621E 03 
0 .4523E  03  
0 .4418E  03  
0.4309E 03  
0.4194E 03  

0 .3948E  03  
0.4073E  03 

0.3819E 03 
0 .3686E  03  

0 .3411E  03  
0 .3550E  03  

0.3269E 03 
0.3125E  03 

0.2832E 03  
0 .2979E  03  

~. . 

" . ". . 

XB x 0  

. -. - - -. . - 

-0.0458 
-0.0466 

-0 .0431  

-0 .0325  
-0.0387 

-0.0245 
-0.0147 
-0.0030 

0.0107 
0.0263 
0.0439 
0.0637 
0.0856 
0.1097 

0.1650 
0.1361 

0.2303 
0.1964 

0.3065 
0.2670 

0.3944 
0.3489 

0.4430 
0.4950 

0.6094 
0.5504 

0.6722 
0.7388 
0.8095 
0.8843 

Y R  

__- 
0. 
0.0439 

0.1316 
0.0877 

0.1755 
0.2193 
0.2632 
0 .3071  
0.3510 
0.3948 

0.4826 
0.4387 

0.5264 

0.6142 
0.5703 

0.6580 
0.70 I 9  
0.7458 
0.7896 
0.8335 
0.8774 
0.9212 
0 .9651  

1.0529 
I .  0090 

1.1406 
1.0967 

1.1845 
1.2283 
1.2722 

Ye 

0. 
c .0219 

0.0658 
C.0439 

0.0877 
0.1097 

0.1535 
0.1316 

0.1755 
0.1974 

0 .2413  
0.2193 

0.2632 
0 . 2 8 5 1  

0.3290 
0.3071 

0 .3510  
0.3729 
0.3948 
0.4168 
0.4387 
0.4606 
C.4826 
0.5045 
0.5264 
0.5484 
0.5703 
0.5922 
0.6142 
0.6361 

0. 
o . c o 0 2  
0.0010 
0.0022 
O.CO39 
O.CO6C 
O.CO87 
0.0118 
0.C155 

0.0243 
0.0197 

0.0295 
0.C352 

0.0483 
0.0415 

0.0557 
0.0636 
0.0722 
0.0813 
0.0911 
0.1015 
0.1125 
0.1243 
0.1368 
0.1500 
0.1640 
0.1788 
0 .1944  
0.2109 
0.2284 

r -r SONIC L I N E  1 - " .- l-" - 
F I E L D  O A l A  

". " -. ~ ".._ - 

RHO 

. - - " -. SLUG/CU FT 

0.6297E-05 
0.6415E-05 
0.6575E-05 
0.6759E-05 
0.6969E-05 
0.7210E-05 
0.7486E-05 
0.7802E-05 
0.8165E-05 
0.8577E-05 
0.9045E-05 
0.9582E-05 
0.1020E-04 . . I I - - . - 

~ _ _ _  

THETA 

~ _ _ -  R A C  

0.8884 
0 . 8 8 3 8  
0.8798 

0.8743 
0.8766 

0.8727 
0.8715 
0.8708 
0.8704 
0.8702 
0.8702 
0.8703 
0.8705 
" 

_____- 

V 

F T / S E C  

0.7755E  04 
0.8348E  04 
0 .9067E  04  

0 .1056E  05  
0.9802E  04 

0.1213E 0 5  
0.1133E  05 

0.1296E 0 5  
O.138OE 05 
0.1467E 05  
0.1556E 0 5  
0.1647E 0 5  
0.1739E 05  

- 

x0  

" 

-0.0132 
-0.0001 

0.0144 
0.0305 
0.0486 
0.0686 
0.0900 
0.1124 
0.1352 

0.1801 
0.1579 

0 .2016  
0.2078 

X8 P 

L B l s a  F T  

O.2847E  03 
0.2864E 03  
O.2889E  03 
0.2917E 03 
0.2950E 03  
0.2987E 03 
0.3030E 0 3  
0.3079E 03  
0.3135E 03 
0.3199E  03 
0.3273E 03  
0.3357E  03 
0.3454E 03 

- . . " . . . 

P S I  

"" 1.150  1.139 1""- 0.1247E-03 

1.250  0.2901E-03 
1.368  0.4745E-03 
1.493  0.6800E-03 

1.767 0.1164E-02 
1.625 0.9090E-03 

2.074 0.1766E-02 
1.916 0.1448E-02 

2 .417  0.2521E-02 
2.241 O.2122E-02 

2.603 0.2968E-02 
2.800 0.3472E-02 

Y B  

0.2693 
0.2939 
0.3212 
0.3515 
0.3843 

0.4540 
0.4189 

0.4883 
0.5208 
0.5509 
0.5784 
0.6033 
0.6101 

Y 8  

0.6339 
0.6368 
0.6403 
0.6437 
0.6472 
0.6507 
0.6541 
0.6575 
0.6610 
0.6644 
0.6678 
0.6712 
0.6746 

0.2266 
0.2230 
0.2187 
0.2145 
0.2102 
0.2060 
0.2017 
0.1975 
0.1933 
0.1891 
0.1849 
0.1807 
0.1765 
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TABLE 11.- REXL-GAS SOLUTIONS FOR AIR - CONTINUED 

A L T I T U O E  = 2 0 0 , 0 0 0  F T   V E L o c I r Y  = 35.000 FTISEC 

- . . - . . - 

X 8  

-r 1 BODY  DATA SHOCK  SHAPE 
. .  ”_ 

P H I  

R A E  

M HT  ERROR X 8  Y B  V 

F T I S E C  

RHO 

S L U G / C U  F l  

YB 

-. - ” . . - 
0.  
0 .0280 
0 .0560 
0.0841 

0 .1401  
0 . 1 1 2 1  

0 .1681  
0.1961 
0.2242 
0 .2522 

0 .3082 
0 .2802 

0 .3363 
0 .3643 
0 . 3 9 2 3  
0 . 4 2 0 3  

0 . 4 7 6 4  
0 .4483 

0 . 5 0 4 4  
0 . 5 3 2 4  
0 .5604 
0 . 5 8 8 4  

0 .6445 
0.6165 

0 .  
0 . 0 0 0 4  
0.0016 
0.0035 
0 . 0 0 6 3  
0.0098 
0 . 0 1 4 2  
0 . 0 1 9 3  
0 . 0 2 5 3  
0 . 0 3 2 2  
0 .0400  
0 .0486 
0 .0582 
0 .0688  
0 .0803 
0 . 0 9 2 9  
0.1065 
0 . 1 2 1 1  
0 . 1 3 6 9  
0 . 1 5 3 9  
0 . 1 7 2 1  
0.1916 
0.2127 
0 . 2 3 5 3  

0 .  
0 . 3 8 0 4 E   0 3  
0 . 7 6 0 8 E   0 3  
O.1143E 04  
0.1527E 0 4  
0 .1913E  04  
0.2303E  04 
0 .2696E 04  
0.3093E 0 4  
0 . 3 4 9 5 E   0 4  
0 .3902E 0 4  
0 .4312E  04  
0 .4732E 0 4  
0 .5143E  04  
0 .5553E 0 4  
0 .5965E 0 4  
0.6384E 0 4  
0 .6821E  04  
0 .7261E  04  
0 . 7 7 1 1 E   0 4  
0.8181E 0 4  
O.8661E 0 4  
0.9151E 0 4  
0 .9652E 0 4  

0.  
0 . 0 2 8 0  
0 .0561 
0 .0842 
0 . 1 1 2 3  
0.1406 
0.1689 
0 . 1 9 7 4  
0 .2261 
0 . 2 5 4 9  
0 . 2 8 4 0  
0 . 3 1 3 3  
0 . 3 4 2 9  
0 . 3 7 2 9  
0 .4032 
0 . 4 3 3 9  
0 . 4 6 5 0  
0 .4967 
0 . 5 2 8 8  
0 . 5 6 1 6  
0 - 5 9 5 0  
0 .6292 
0 . 6 6 4 3  
0 .7003 

0 .7266E  03  
0 . 7 2 5 9 E   0 3  
0 .7237E 0 3  
0 . 7 2 0 2 E   0 3  
0 . 7 1 5 1 E   0 3  
0 . 7 0 8 6 E   0 3  
0 . 7 0 0 7 E   0 3  
0 . 6 9 1 3 E   0 3  
0 . 6 8 0 5 E   0 3  
0 . 6 6 8 2 E   0 3  
0 . 6 5 4 4 E   0 3  
0 . 6 3 9 4 E   0 3  
0 .6231E  03  
0.6055E 0 3  
0 . 5 8 7 0 E   0 3  
0 . 5 6 7 3 E   0 3  

0 . 5 2 4 8 E   0 3  
0 .5466E 0 3  

0 . 5 0 1 7 E   0 3  
0 . 4 7 7 7 E   0 3  
0 . 4 5 2 5 E   0 3  
0 .4264E 0 3  
0 .3995E 0 3  
0 . 3 7 2 4 E   0 3  

0 .9900E-05 
0 .9891E-05 
0 .9866E-05 
0 .9824E-05 
0.9766E-05 
0 .9690E-05 
0 .9598E-05 
0 .9489E-05 
0 .9363E-05 
0 .9219E-05 
0 .9057E-05 
0 .8879E-05 
0 .8685E-05 
0 .8476E-05 
0 .8253E-05 
0 . 8 0 1 7 E - 0 5  
0 .7767E-05 
0 .7500E-05 
0 .7220E-05 
0 .6926E-05 
0 .6612E-05 
0 .6288E-05 
0 .5953E-05 
0 .5608E-05 

0.  
0.041 
0 . 0 8 2  
0 .123 
0 .165 
0.206 
0 . 2 4 9  
0 .291 
0 .335 
0 . 3 7 9  
0 . 4 2 3  
0 .469 
0 .515 
0 .561 
0.607 
0.654 

0 . 7 5 2  
0 .702 

0 .803 
0 .856 
0 .912 
0 . 9 7 0  
1 .030 
1 .093 

0 . 0 0 0 2  
0.0001 
0.0001 
0.0001 

0.0001 
0 . 0 0 0 2  

-0 .000  I 
0.0001 

- 0 . 0 0 0 3  
-0.000 3 
- 0 . 0 0 0 3  

- 0 . c o o 2  
- 0 . 0 0 0 3  

- 0 . 0 0 0 3  
- 0 . 0 0 0 4  
- 0 .  c o o 5  
- 0 . c o o 7  
- 0 . 0 0 0 5  
-0.oooL) 

- 0 . 0 0 1 5  
- 0 . c o 1 4  

- 0 . 0 0  19 

- 0 . 0 0 3 3  
- 0 . o 0 2 n  

- 0 . 0 5 0 3  
- 0 . 0 4 8 9  
- 0 . 0 4 4 7  

0 .  
0 . 0 5 6 0  
0 . 1 1 2 1  

- 0 . 0 3 7 7  
- 0 . 0 2 7 7  

0 . 1 6 8 1  

0.2802 
0 . 2 2 4 2  

0 . 3 3 6 3  
0 . 3 9 2 3  

- 0 . 0 1 4 7  
0 . 0 0 1 3  
0 . 0 2 0 5  
0 . 0 4 3 0  
0.0691 

0 . 4 4 8 3  
0 . 5 0 4 4  
0 . 5 6 0 4  
0 .6165 
0 .6725 
0 . 7 2 8 5  
0 . 7 8 4 6  
0.84C6 
0.8967 

0 . 0 9 8 8  
0 . 1 3 2 4  
0 .1701 
0 .2121 

0 .3102 
0 . 3 6 6 9  

0 . 2 5 8 8  

0 . 4 2 9 0  
0 . 4 9 7 0  

0 . 9 5 2 7  L. on88 
0 . 5 7 1 1  

0 . 7 3 9 2  
0 .6517 

1 .0648 
1.1208 
1 . 1 7 6 9  

0 . 8 3 4 0  
0 . 9 3 6 4  

1 . 2 3 2 9  
1.2890 

1 F I E L D  D A T A  L I N E  

Y B  

_ _ _ ~  

V 

F T I S E C  

0.9309E I34 
0 .1049E  05  
0 .1129E  05  
0 .1212E 0 5  
0 .1298E  05  
0 .1386E  05  
0.1478E  05 
0 .1574E 0 5  
0 .1675E  05  
0.1783E  05 
0.1898E 0 5  
0.2021E  05 

X8 Y B  T H E T A  l p  I X 8  M RHO 

S L U G I C U   F T  ~~ 

0.5844E-05 
0 .6029E-05 
0 .6177E-05 
0 . 6 3 5 l E - 0 5  
0 .6559E-05 
0 .6814E-05 
0 .7137E-05 

0 .8089E-05 
0 .7553E-05 

0.8762E-05 
0 .9575E-05 
0 .1054E-04 

t-t 0 . 3 9 0 9 E   0 3  
0 . 3 9 6 0 E   0 3  
0 . 3 9 9 9 E   0 3  
0 . 4 0 4 2 E   0 3  
0 . 4 0 9 2 E   0 3  
0 .4148E  03  

R A C  

0 . 8 9 8 7  
0 - 8 9 0 4  
0.8866 
0.8837 
0 . 8 8 1 4  
0 - 8 7 9 7  
0 . 8 7 8 4  
0 . 8 7 7 5  
0 . 8 7 6 7  
0 .8761 
0 .8756 
0 - 8 7 5 2  

- 0 . 0 1 4 8  
- 0 . 0 0 1 2  
0.0138 
0 . 0 3 0 2  
0 . 0 4 8 4  
0 . 0 6 8 3  
0 . 0 8 9 6  
0 . 1 1 2 0  
0 .1348 
0 .1575 
0 . 1 7 9 5  
0 . 2 0 0 7  

0 .2799 

0 . 3 3 0 9  
0 .3042 

0 . 3 6 0 0  
0 . 3 9 1 2  
0 . 4 2 4 1  
0 . 4 5 7 7  

0 . 5 2 2 3  
0 .4908 

0 . 5 5 1 3  
0 .5776 
0 . 6 0 1 2  

0 . 2 1 9 7  
0 . 2 1 2 6  
0 . 2 0 8 0  
0 . 2 0 3 3  
0 .1987 
0.1941 
0 . 1 8 9 5  
0.1849 
0 .1803 
0 .1757 
0 .1712 
0.1666 

0 . 6 2 5 4  
0.6310 
0.6347 
0 .6384 
0 . 6 4 2 1  
0 . 6 4 5 8  
0 .6494 
0 .6531 
0 .6567 
0.6604 
0.6640 
0 . 6 6 7 6  

1 .050 

1 . 2 9 3  
1 . 1 9 3  

1.399 
1 .509 
1 .627 
1 .756 

2 .061 

2 .484 
2 .251 

2 .757 

1.898 

0 . 4 6 5 4 E - 0 3  
C.2664E-03 

0 .6856E-03 
0 .9297E-03 
0 .1201E-02 
0 .1504E-02 

0 . 2 2 3 l E - 0 2  
0 .1844E-02 

0 .2676E-02 
0 .3193E-02 
0 .3799E-02 

0 . 4 2 1 2 E  0 3  
0 . 4 2 8 6 E   0 3  
0.4370E 0 3  
0 .4470E  03  
0 .4587E 0 3  1 0.4726E 0 3  I 
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TABLE I1 .- REAL-GAS SOLUTIOIVS FOR AIR - COJ!ITINUED 

ALTITUDE = 200.000 FT VELOCITY = 40.000  FT/SEC 

0. 
0. COO4 
0 . 0 0 1 6  
0.0035 
O.CO63 
0.0099 
0.0142 
0.C194 
0.0255 
0.0323 
0 .0401  

0.0584 
0 .0488  

0.0689 
0 . 0 8 0 4  
0 .0930  
0.1066 
0.1213 
0.1372 
0.1542 
0. 1725  
0 . 1 9 2 1  
0 .2131  
0.2355 

0. 
C.0280 
0.0561 
0 .0841  
0. I 1 2 1  
0.1402 
0.1682 
0.1962 
0.2243 
0.2523 
0.2803 

0.3364 
0.3084 

0 . 3 6 4 4  
0.3925 
0.4205 
0.4485 
0 .4766  
0.5046 
0 .5326  
0.5607 
0.5887 
0.6167 
0.6448 

0. 
0 .4294E  03 
0.8587E 0 3  
0.1289E 0 4  
0.1722E 04  

0.2596E 0 4  
0.2158E 0 4  

0.3037E 0 4  
0.3482E 0 4  
0.3932E  04 
0.4386E  04 

0.5325E 0 4  
0.4845E  04 

0.6256E 04  
0.5790E 0 4  

0.6727E 04 
0.7211E  04 
0.7705E 0 4  
0.8194E 0 4  
0.8685E 04  
0.9178E  04 
0.9666E  04 
0.1015E 0 5  
0.1064E 0 5  

B O D Y  DATA 
_ _ ~  

P H I  

R A G  

0. 
0.0280 
0 .0561  

0.1124 
0.0842 

0.1690 
0.1406 

0.1975 
0.2262 
0 .2551  
0.2841 

0 .3431  
0.3135 

0 .3731  
0 . 4 0 3 4  
0.4341 
0.4653 

0.5292 
0.4969 

0.5620 
0.5955 
0.6297 
0.6647 
0.7006 

P 

LB lSO  FT 

0.9497E 0 3  
0.9488E  03 
0 .9460E 03  

0.9347E 03 
0.9413E 0 3  

0.9262E  03 
0 .9159E 0 3  
0 .9037E  03  
0 .8896E  03  
0.8737E  03 
0.8560E 0 3  
0 .8364E  03  
0.8153E 0 3  
0.7922E  03 
0.7678E 0 3  
0 .7419E  03  
0 .7145E  03  
0 . 6 8 5 8 E  03  
0.6564E  03 

~ _ _ _ _ _ "  

0.6260E 0 3  
0.5955E 0 3  
0.5646E  03 
0.5338E  03 
0 .5025E  03  

RHO 

" 

SLUG/CU FT 

0.1018E-04 
0.1017E-04 
0.1014E-04 
0.1010E-04 

0.9961E-05 
0.1004E-04 

0.9865E-05 
0.9752E-05 
0.9622E-05 

0.9308E-05 
0.9474E-05 

0.9124E-05 
0.8926E-05 

0.8474E-05 
0.8707E-05 

0.8226E-05 
0.7962E-05 
0.7686E-05 
0.7402E-05 

0.6807E-05 
0.7106E-05 

0.6502E-05 
0.6196E-05 
0.5879E-05 

~ . -. . . . . 

M 

. . . .. . ~ .  

0. 
0 .041  
0.083 

0.166 
0.124 

0.250 
0.208 

0.293 
0.336 
0.380 
0.424 
0.470 
0.517 

0.610 
0.563 

0.657 
0.706 
0.757 
0.807 
0.858 
0 .910  
0.962 
1.014 
1.068 

0.2227 
0.6356 0.2280 
0.6398 

0.2182  0.6434 
0.2137  0 .6471 
0.2092 

0.6579  0 .2002 
0.6543 0.2047 
0.6507 

0.1913 0 . 6 6 5 1  
0.1958  0 .6615 

0.L869 0.6687 
0.1825  0.6722 

V 

FTlSEC 

0.1048E 0 5  

0.1248E 05 
0.1154E C5 

0 . 1 3 4 3 E  05  
0.1440E 05 
0.1540E  05 
O. lb42E  05  
0.1747E  05 
0.1854E  05 
O.1964E  05 
0.2077E  05 
0.2194E  05 
0.2314E  05 

F IELO C A T A  

I 
_______- 

THETA 1 P 

"~ 
R A D  

0.8926 
0.8861 
0.8819 
0.8785 
0.8757 
0.8736 
0.87  19 

0.8694 
0.8705 

0.8686 
0.8679 
0.8674 
0.8669 i 

I L w s a  F T  

0 . 5 1 2 8 E   0 3  
0 .5171E  03  
0.5213E 0 3  
0 .5262E  03  
0 .5317E  03  
0 .5379E  03  
0 . 5 4 5 0 E  0 3  
0.5529E  03 
0.5620E  03 
0 .5722E  03  
0.5839E  03 
0.5973E  03 
0.6128E 23 

RHO 

SLUClCU, F T .  

0.5984E-05 
0.6116E-05 

0.6392E-05 
0.6244E-05 

0.6561E-05 
0.6755E-05 
0.698OE-05 
0.7242E-05 
0.7551E-05 
0.7920E-05 
0.8368E-05 
0.8922E-05 
0.9647E-05 

~ . 

M 

1.050 
1.163 
1.265 
1.370 
1.481 
1.596 
1.718 
1.847 
1.984 

2 . 2 9 1  
2.132 

- - .. 

. .... 

HT ERROR 

. . . - -. . 
-0.0001 
-0.0001 
-0.0000 
-0.0000 
-0.0000 

0.0000 
0.0001 
0.0001 

-0.0000 
0.0000 

0.0000 
0.0001 
0.0002 

0.0005 
0.0003 

0.0005 
0.0009 
0.0008 

0 .0008  
0.0006 

0.0006 

0.0002 
0.0005 

0 .0004  

1 1 P S I  

" "" 

0. 
C.2275E-03 

0.6904E-03 
0.4473E-03 

0.9590E-03 
0.1256E-02 
0.1583E-02 
0.1946E-02 
0.2347E-02 
0.2794E-02 
0.3293E-02 

. " 

SHOCK SHAPE 
. .  . 

X B  

-0 .0491  
-0 .0477  
-0.0435 
-0.0364 
-0.0265 
-0 .0136  

0.0024 
0.0215 

0.0696 
0.0438 

0.0989 
0.1320 

0.2102 
0.1690 

0.2557 
0.3059 
0.3609 
0 . 4 2 1 1  

0.5580 
0 .4867  

0.6355 
0.7193 
0.8099 
0.9076 

." ~ 

.. - 50n11 

X 8  

-~~ 

-0.0145 
-0 .0013  

0.0292 
0.0132 

0.0467 
0.0658 
0.0861 
0.1074 
0.1292 

0.1732 
0.1512 

YB 

. - 
0.0561  
0. 

0 . 1 1 2 1  
0.1682 
0.2243 

0.3364 
0.2803 

0.3925 

0.5046 
0.4485 

0.5607 
0.6167 
0.6728 
0.7289 
0.7849 
0 . 8 4 1 0  
0.8971 
0 .9531  

1.0653 
I. 0 0 9 2  

1.1213 
1.1774 
1.2335 
1.2895 

=I_ 

L I N E  
- 

.. - 
Y B  

__- 
0.2766 
0.3005 
0.3268 
0.3553 
0.3859 
0.4179 

0.4826 
0.4505 

0.5134 
0.5426 
0.5699 

2.466 p 5 4 E - 0 2  I I 0.5953 
2.663 0 4491E-02 0.6091 
" ~ ~ 1 
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TABLE 11.- FWG-GAS SOLUTIONS FOR AIR - CONTINUED 

A L T I T U O E  = 2 0 0 , 0 0 0  FT VELOCITY = 45.00C F T l S E C  

1 
BaoY O A I A  I SHOCK SHAPE i 

V 

FT lSEC 

PH 1 

R A C  

P 1 RHO Y B  

L B l S C  F T  I SLUG/CU F T  

C.  
C.C280 
C.C56C 
C.C84C 
0 .112c  
0 .1400 
C .  l 6 8 C  

C.2240 
C .  1 9 6 0  

C.252C 
C.280C 

C.3360 
C.3C8C 

0.364C 
C.392C 
C.4200 
0 .4480 
C.476C 
C.504C 

0 .5600 
C.532C 

C.588C 
C.616C 
C.644C 

C. 
0.4755E 03 
0.9507E C3 
0 .1427E C4 
0 .1907E C4 
0.2389E C4 
0 .2875E C4 
0 .3363E C4 
C.3856E  04 
0 .4353E  04  
C.4855E  c4 

0 .5891E C4 
0 .5363E C4 

0.6407E C4 
0 . t 9 2 5 E  C4 
C.1450E C4 
C.7991E  04 

C.9089E  c4 
0.8539E  04 

0.9649E C4 
0 .1022E 0 5  
C.1079E 0 5  
0 .1137E C5 
0 .1195E C5 

0. 

0.0560 

0 .1122 

0 . 1 6 8 8  
0 .1405 

C.1973 
C.2259 
0 .2547 
0 .2838 
0 .3131 
0.3426 
0 .3726 
0 . 4 0 2 8  
0 .4335 
C.4646 

0 . 5 2 8 3  
0 .4902 

0 - 5 6 1 1  
c .5945 
0 . 6 2 8 7  
0 .6636 
0.6555 

0 .02~70 

0 .0841 

0 .1203E  04  
0 .1202E  04  
0.1198E C4 
0 .1192E  04  
0 . 1 1 8 4 E   0 4  

0.1160E  C4 
0 . 1 1 7 3 E   0 4  

0 .1145E 0 4  
0 . 1 1 2 7 E  C4 
0 . 1 1 0 7 E   0 4  
0 . 1 0 8 5 E   0 4  

O . lC34E  04  
0.1C60E  04 

0 .9140E 03 
O.lCO5E  04 

0 .9413E C 3  
0.9C65E 03 

0 . 8 3 3 1 E  0 3  
0.8706E 0 3  

0 .7942E 0 3  
0 - 7 5 4 3 E  C 3  

0 .6726E 0 3  
0 .7135E  03  

0.6313E C 3  

0. 
0.042 
C.084 
0 . 1 2 6  
0.168 
0 . 2 1 0  
0 .253 

0.340 
0 .296 

0.384 
0.429 

0 .522 
0 . 4 7 4  

C.568 
C.615 
0 .663 
0 .712 

C.814 
0 .763 

0 . 8 6 6  
0 . 9 2 0  
0 .974 
1.03C 
1 .086 

0. 
0.0560 
0.1120 
0 .1680 
0 .2240 

0 .3360 
0 .3920 
0 . 4 4 8 0  
0 . 5 0 4 0  
0.56CO 

0 .6720 
0 .6100 

0 . 7 8 3 9  
0 . 8 3 5 9  
0.8959 
0 . 9 5 1 9  
1. C079 
1 .0639 
1 . 1 1 5 9  
1 . 1 7 5 9  
1 .2319 
1 . 2 8 7 9  

0 . 2 ~ 7 ~ 0  

0 . 7 2 8 0  

- 0 . 0 0 1 3  

-c . c o 1 1  
- 0 . c o 1 2  

-0. COO9 
-0-COO6 

C. lC46E-C4 
c. 1 c 4 5 ~ - 0 4  
c .  1042E-C4 
c .  1 0 3 8 ~ - C 4  
c .  1 c 3 1 ~ - 0 4  

-0 .0479 
- 0 . 0 4 6 5  
-0 .0423 
- 0 . 0 3 5 2  
- 0 . 0 2 5 3  
- 0 . 0 1 2 4  

C.0035 

0 .0449 
0 . 0 2 2 6  

0 . 0 7 0 6  
0.0998 

0 . 1 6 9 6  
C.1327 

0 . 2 1 0 6  
C.2559 
0 . 3 0 5 8  
0 . 3 6 0 5  
0 . 4 2 0 3  
0 .4855 
0 . 5 5 6 4  
0 . 6 3 3 3  
0 . 7 1 6 6  
C.8C65 
0 . 9 0 3 4  

I 0.C142 
0 .  CC98 

0.C194 

-0.COC3 
c . c o 0 2  
O.CO07 
O.CO13 
o . c o 2 0  
c . c o 2 1  

O.CO42 
O . C C 3 5  

0 . 0 0 5 3  
C.CO65 
O.CO78 
0 . 0 0 9 2  
0 . C l C S  
C . C l l 8  
0.C135 
0 . 0 1 4 9  
0 . 0 1 6 6  
C.Cl8C 
0 . 0 1 9 9  

C.1023E-04 
C. 1013E-C4 -. 1001E-04 

C.9719E-05 
C.5874E-05 

0 .5353E-05 
C.9545E-C5 

I 0.C322 
0.C254 

0 . c 4 c c  

0 .C581 
0 .C48t  

0.C686 
0 .C801 

I 0.1C61 
0 . C 9 2 t  

0.120~7 
C .  1365 
0 .1535 

0 . 1 9 1 ?  
0 .1718 

0 .7852E-05 
C.7553E-05 
0.7239E-C5 

O.t585E-C5 
C.6517E-C5 

C.6251E-C5 
C.5910E-C5 

0 . 2 1 2 3  
0.2347 

r 1 F l E L O  C A T A  1 SCNIC . I N E  

Y t l  X8 P 1 RHO n Y t l  

C.6261 
C.6297 

C.6368 
C.6333 

C.64C3 
0 .6439 
0 .6474 
C.6509 

0 .6579 
0.6544 

0 . 6 6 1 4  
C.6648 
C.6683 

T H E T A  

R P C  

0.8995 
0.8935 
0 .8896  
C.8862 
0 .8836 

0 .8801 
0 .8816 

V 

F T I S E C  

0 .1158E 0 5  
C.1263E C5 
C.1366E C5 
C.1473E C5 
0 .1582E  05  
0.1694E 0 5  
0.1809E  05 
0.1927E C5 
0.2048E  05 
C.2173E  05 
0 .2300E C5 
0.2431E 0 5  
C.2565E C5 

-~ LClSC F T  I SLbGICL F T  

C.6256E-05 
0 .6399E-05 

0.6144E-C5 
C. t560E-C5 

C.6954E-05 
C.7194E-05 

0 .7784E-05 
C.7468E-C5 

C.8581E-05 
0.8151E-05 

0.9C92E-05 
0.9704E-05 

" 

1.05C 
1 . 1 5 1  

1.359 
1.253 

1 . 4 7 1  

0 .6571E C 3  
0.6624E 03 
0.6680E 0 3  
0.6741E C 3  
0 .6812E 03 

0.6986E 0 3  
0 . 6 ~ 7 9 3 ~  03 

C .  

0 .0451   C .1017E-02  
0.0278  C.7233E-C3 

-0.0020  C.2154E-C3 
- 0 . 0 1 5 0  

c . 4 5 ~ 7 3 ~ - ~ 3   0 . 0 1 2 1  

0 .2659 

0.32CO 
0 .2938 

0 . 3 4 8 1  
0 .3796 
0 .4122 
0 .4453 
0 .4779 
0 .5052 

0 . 5 6 5 6  
0.59C3 
0 .6011 

0.5386 

0 . 2 2 0 2  
0 . 2 1 5 6  
0 . 2 1 1 2  
0.2C67 
0.2C23 
0 .1578 
0 .1934 
0 .1090 
0 .1846 
0 .1802 
0.1758 
0 .1714 
0 . 1 6 7 1  "- 

1.588 
1 .711 

0 .1342E-02  0 .0639 
o .17a3E-02 I 0 . 0 8 4 2  

0.7091E C 3  
0 .7210E 03 

1.84C 
1.978 
2.124 0.7345E 0 3  

0.7498E 0 3  
0.7673E 03 
0.7872E 03 - 

2.281 
2 .451 
2.635 
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TABLE 11.- FWJL-GAS  SOLUTIONS FOR A I R  CONTINUED 

ALTITUDE = 250,000  FT 

_ _ _ ~  ~ ~ ~. .. 

BOCY DATA 

X8 

0. 
0.0003 
0.0013 
0.0028 

0.0077 
0 .0049  

0.0111 
0 .0151  
0.0197 
0.0250 
0.0310 
0.0376 
0 .0450  
0.0530 

0.0712 
0.C617 

0.0814 
0.0925 
0.1043 
0. 1170 

0.1451 
0.1306 

0.1606 
0 .1771  
0.1947 
0.2135 
0.2335 
0.2550 

YB 

0. 
0.0247 
0 .0494  
0 .0741  
C.0988 
0.1235 
0.1482 
0.1729 
0.1976 
0.2223 
0.2470 
0.2717 
0.2964 
0.321 1 
0.3459 
0.3706 
0.3953 
0.4200 
0.4447 
0 . 4 6 9 4  
0 .4941  
0.5188 
0.5435 
0.5682 
0.5929 

0.6423 
0.6176 

0.6670 

- 

V 

FT lSEC 

0. 
0.1147E 0 3  
0.2295E 0 3  
0.3444E 0 3  
0.4596E 0 3  
0.5752E 0 3  

O.8076E  03 
0.6912E  03 

0.9245E 0 3  
0.1042E 04 
O. l l 6OE 04 
O.1279E 04 
0.1399E 04 
0.1524E 04 
0.1645E 04 
0.1766E 04 
0.1889E 04 
0.2015E 04 

0.2274E 04 
0.2145E 0 4  

0.2403E  04 
0.2535E  04 
0.2669E 04 
0.2805E 04 
0.2945E 04 
0.3089E 04 
0.3239E 04 
0.3394E 04 

~- 

P H I  

R A C  

0. 
0.0247 
0.0494 
0.0742 

0 .1238  
0.0990 

0 . 1 4 8 8  
0.1738 
0.1989 
0.2242 

0.2752 
0.2496 

0.3269 
0.3010 

0.3531 
0.3796 
0.4064 
0.4334 
0.4608 
0.4886 

0.5454 
0.5168 

0.5746 
0.6043 
0.6346 
0.6657 
0.6975 
0.7302 

"~ 

-~ . - 

P 

L 8 l S C  FT 

0.7418E 0 1  
0 .7413E 0 1  
0.7397E 01  
0.7370E 0 1  

0 . 7 2 8 4 t  0 1  
0.7332E 0 1  

0.7155E 0 1  
0.7225E 01 

0.7075E 0 1  
0.6985E 0 1  

0 . 6 7 7 3 E   0 1  
0.6884E 0 1  

0.6523E 01  
0.6653E 0 1  

0 .6234E 0 1  
0.6383E 0 1  

0.5909E 0 1  
0.6076E 01  

0.5734E 0 1  
0.5550E 0 1  

0.5164E 0 1  
0.5360E 0 1  

0.4960E 0 1  
0 . 4 7 5 l E  0 1  
0.4532E 0 1  
0.4309E 0 1  
0.4075E 0 1  
0.3835E 0 1  

. - - - . . . .. 

VELOCITY = 1 O . O C C  FT lSEC 

.~ ~ 

RHO 

SLUGlCU FT 

0.8194E-06 
O.8188E-06 
0.8173E-06 
0.8146E-06 
C.8109E-06 
O.8062E-06 
0.8003E-06 
0.7935E-06 
0. 7856C-06 
0.7767E-Cb 
0.7667E-06 

0.7438E-06 
0.7558E-06 

0.7309E-06 
0.7169E-06 
0.7020E-06 
0.6862E-Cb 
0.6693E-06 
0.6516E-06 
0.6330E-06 
0.6137E-06 
0.5936E-06 
0.5728E-06 
0.5512E-06 

0.5053E-06 
0.5285E-C6 

0.4807E-06 
0.4554E-06 

~~ 

". . . 

. -  

c 

~- 
0. 
0.036 
0.072 

0.144 
0.108 

0.180 
0 .217  
0.253 
c .290 
0.328 
0.365 

C.441 
0.403 

0.481 
0.520 
0.559 
0.599 
0.640 
0.682 
0.724 
0.767 

0.856 
0.811 

0 .902  
0.949 
0.998 
1.050 
1.104 

. - .. 

- .  - 

HT E R R O R  

0.0000 
0.0000 
0. c o o 0  
0.c000 
0.0000 
0.0000 
0.0000 
0. oooc 
0.0000 

-0.0000 
0.0000 

-0.0000 
0.0000 
0.0001 
0.0001 
0.0001 

-0.0000 
0.c000 

0.0001 

-0.coo2 
-0.c000 

-0.0003 
-0.0004 
-0 .0007 
-0.coo7 
-0.00 1 1 
-0 .0013 
-0.CO17 

. - - . . . . 

_ .  

x 0  

^. 
-0.0796 

-0.0756 
-0.0786 

-0.0707 
-0 .0637  
-0 .0547  
-0 .0437  
-0.0306 
-0 .0154 

0 .0019  
0.0214 

0.0672 
0.0432 

0.0936 
0.1224 
0.1537 
0 .1874  
0 .2238  
0 .2629  
0.3047 

0.3969 
0.3494 

0.4475 
0.5012 
0.5580 
0.6182 
0.6817 
0.7486 

"" 

X8 

0.2335 
0.2222 
0.2147 
0.2071 
0.1996 
0.1921 
0.1846 
0.1772 
0.1697 
0.1623 
0.1550 
0.1476 
0.1403 

F I E L O  DATA 

0.6423 
0.6517 
0.6581 

0.6707 
0.6644 

0.6770 
0.6833 
0.6896 
0.6958 
0.7020 
0.7082 
0.7144 
0.7205 

0.3239E 04 
0.3492E 04 

0.3843E 04 
0.3666E  04 

0.4021E 04 
0 .4201E  04  
0.4382E 04 
0.4564E 0 4  
0.4746E  04 
0.4928E 0 4  
0.5109E 04 
0.5289E  04  
0.5467E 04 _" 

0.8729 
o.ns95 
0.8523 
0 .8461  
0.8409 
0.8364 
0 .8325  
0.8290 
0.8260 
0.8231 
0.8204 
0.8178 
0.8152 

- ._ - " 

P 

L B l S O  FT 

0 .4075E  01  
0.4155E 0 1  
0 . 4 2 l l E  0 1  
0.4269E 0 1  
0.4329E 0 1  
0.4392E 0 1  
0.4457E 0 1  
0.4524E 0 1  
0.4594E 0 1  

0.4738E 0 1  
0.4665E 0 1  

0.4812E 0 1  
0.4887E 01  

. - - -. . . 

. , . . . . - -. - . 

. ~ .  . ~ .  ". 

RHO 

. .  SLUGICU F I  

0.4808E-06 
0.4942E-Ob 
0.5038E-06 
O.5140E-06 
0.5248E-06 
0.5362E-06 
0.5483E-06 
0.5609E-06 
0.5743E-06 

0.6035E-06 
0.5884E-06 

0.6199E-06 
0.6373E-06 

. "- 

- - . -. -. . - 

M 

1.136 
1.050 

1.196 
1.257 
1.319 
1.382 
1.447 

1.577 
1.511 

1.709 
1.643 

1.776 
1.844 - - . - - . - 

.. . , . .  

SHOCK SHAPE 
. " - 

Y B  

. - .. . -. 
0. 
0 . 0 4 9 4  
0.0988 
0.1482 
0.1976 
0.2470 
0.2964 
0 . 3 4 5 9  
0 .3953  
0.4447 
0 .4941  
0.5435 
0.5929 
0.6423 
0.6917 
0 .7411  
0.79C5 
0. f l399 

0.9387 
0.8893 

0 .9881  
1.0376 
1.0870 
1.1364 
1 .1858  
1.2352 

1 - 3340 1.2846 

. ... 

SONIC L I N E  

0. 
-0 .0041  0.1025E-04 
-0 .0229  

0.2157 0.1318E-03 
0.1968  O.1166E-03 
0.1774  0 .1025E-03 
0 .1574  O.8918E-04 
0.1371 0.7676E-04 
0 .1165  0 .6515E-04 
0.0959  0 .5431E-04 
0.0753  0 .4419E-04 
0.0549 0.3477E-04 
0.0348  0 .2599E-04 
0.0151 0.1783E-04 

_ _  - - ". "" 

. . . . . 

Y B  

I . 

0.3718 
0.3955 

0.4427 
0.4191 

0.4660 
0.4888 
0.5110 
0 .5323  
0.5526 
0.5715 
0.5890 
0.6050 
0.6197 
. - 

64 



TALBE 11.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED 

ALTITUCE = 2 5 0 , 0 0 0  F T  

-. . .. ~ . .. . .. 

. .  

RHO 

SLUG/CU F T  
.. .. ~ . 

0 . 9 7 1 7 ~ - a 6  
0 .9711E-06 
0 . 9 6 9 4 E - 0 6  
0 . 9 6 6 4 E - 0 6  
0 .9623E-06 
0.9571E-Ob 
0 .9508E-06 
0 .9434E-06 
0 .9348E-Cb 
O.9246E-06 
0 .9127E-06 

0 . 8 8 6 1 E - 0 6  
0 . 8 9 9 6 E - 0 6  

0 .8729E-06 
0 .8633E-06 

0 . 8 2 7 8 E - 0 6  
0 . 8 0 8 7 E - 0 6  
0 .  7883E-06 
0 .7689E-06 
0 . 7 4 7 7 E - 0 6  
0 .7244E-06 
0 .6985E-06 
0 .6683E-06 
0 .6427E-06 
0 .6156E-06 
0 .5874E-06 
0 .5585E-06 

0 . 8 4 6 0 ~ - 0 6  

" - - . - . . 

~- ~~ 

. . .  . 

x0 

0 .  
0 .0003  
0 . C O l l  
0 . 0 0 2 5  
0 . 0 0 4 4  
O.OC69 
0.OlOC 
0 .0136 
0.C178 
0.  C226 
0 . 0 2 8 1  
0. C34 1 
0.0407 
0 . 0 4 8 0  
0.0560 
0.0647 
0 . 0 7 4 0  
0 .084 1 
0.C949 
0 . 1 0 6 3  
0 .  1186 
0 . 1 3 1 7  
0 . 1 4 5 6  
0.1603 
0 . 1 7 5 9  

0 . 2 1 0 0  
0 . 1 9 2 4  

0 .2288 

. .. 

Y B  

. .. 
0.  
0 .0236 
0 .0472 
0 .0707 
0 .0943 
0 . 1 1 7 9  
0 .1415 
0 . 1 6 5 1  
C .  1 8 8 6  
0 .2122 

0 . 2 5 9 4  
0 .2358 

C.2829 
0 . 3 0 6 5  
0 . 3 3 0 1  
0 .3537 
0 . 3 7 7 3  
0 .4008 
0 . 4 2 4 4  
0 .4480 

0 . 4 9 5 2  
0 . 4 7 1 6  

0 .5187 
0 .5423 
0 .5659 
0.5895 
0 .6131 
0.6366 

B O C Y  O A T A  
. .  

P H I  -1.  . P 

I S H O C K  SHAPE 1 - r lx H T  E R R O R  

- . . . . " 

V 

F T l S E C  
~ 

0 .  
0 . 1 5 3 2 E   0 3  
0 . 3 0 6 3 E   0 3  
0 .4599E  03  
0 .6142E C 3  
0 . 7 6 9 1 E   0 3  
0 .9248E 0 3  
O. lO82E 0 4  
0.1240E  04 
0 . 1 4 0 0 E   0 4  
0.1S62E  04 
0 .1724E  04  
0.1886E 0 4  
0 .2048E  04  
0 . 2 2 0 3 E   0 4  
0 .2370E  04  
0 .2536E  04  
0 .2707E  04  
0 .2885E  04  
0 . 3 0 7 6 E   0 4  
0 .3242E  04  
0 . 3 4 1 4 E   0 4  
0 . 3 5 9 1 E   0 4  
0.  3784E  04 
0 .3974E  04  
0 .4173E  04  
0 .4378E  04  
0 .4586E  04  

"" __ 

M 

~. ..... 

0 .  
0 .034 
0.069 
0.104 
0 . 1 3 8  
0 . 1 7 3  
0 . 2 0 9  
0 .244 
0 . 2 8 0  
0 . 3 1 6  
0 .353 
0.390 
0 . 4 2 7  
0 .465 
0 .502 
0 . 5 4 0  
0 . 5 7 9  
0 . 6 1 9  
0 .660 
0 .705 
0 .745 
0 .785 
0 . 8 2 6  
0 . 8 7 0  
0 . 9 1 6  
0.965 
1 .015 
1 . 0 6 7  

." 

Y B  

0 .  
0 .0472 
0 . 0 9 4 3  
0 . 1 4 1 5  
0 . 1 8 8 6  
0 .2358 
0 . 2 8 2 9  
0 .3301 
0 .3713 
0 . 4 2 4 4  
0 . 4 7 1 6  
0 .5187 
0 . 5 6 5 9  
0 . 6 1 3 1  
0 . 6 6 0 2  
0 . 7 0 7 4  
0 . 7 5 4 5  
0 . 8 0 1 7  
0 . 8 4 8 8  
0 . 8 9 6 0  

0 .9903 
0 .9432 

1 .0846 
1 .0375 

1.1318 
1.1789 
1 . 2 2 6 1  
1 . 2 7 3 3  

R A E  I L B / S C  F T  

0. 0.0006 
0 . 0 0 0 6  
0 . 0 0 0 6  
0.COOb 
0.0006 
0 . 0 0 0 5  

-0 .0002  
0 . 0 0 0 3  

-0 .0007 
-0.0005 

0 . 0 0 0 5  
0.0016 

-0.0018 
0 . C O l l  

- 0 . 0  1 3 2  

- 0 . 0 1 2 0  
- 0 . 0 1 2 7  

-0.0115 
-0.009 7 

-0 .0106 
-0.0107 

-0.0086 
- 0 . 0 0 3 4  

0.0088 
O.CO75 
0.0069 
0 . 0 0 5 9  
0 . 0 0 4 2  

-0 .0659 
-0 .0649 

- 0 . 0 5 7 3  
- 0 . 0 6 2 1  

- 0 . 0 5 0 7  
- 0 . 0 4 2 1  
- 0 . 0 3 1 4  
-0.0188 
- 0 . 0 0 4 0  

0 . 0 1 2 9  
0 . 0 3 2 1  
0 . 0 5 3 5  
0 . 0 7 7 4  
0 . 1 0 3 7  
0 .1327 
0 . 1 6 4 3  
0 . 1 9 8 8  
0 . 2 3 6 2  
0 .2766 
0 . 3 2 0 3  
0 . 3 6 7 3  
0 . 4 1 7 8  
0 . 4 7 1 8  
0 .5297 
0 .5915 
0 . 6 5 7 4  
0 .7276 
0 . 8 0 2 1  

0 .0945 0.1659E 0 2  
0 .1182   0 .1649E  02  
0 .1419   O .1636E  02  
0.1658 
0 . 1 8 9 7  

O . 1 6 2 l E   0 2  

O.1562E  02 0 . 2 3 8 0  
0 . 1 5 8 4 E   0 2   0 . 2 1 3 8  
0 .1604E  02  

0 . 2 6 2 3  0.1538E 02 
0.2868  O.1512E  02 
0 .3115  O.1483E  02 
0.3364 
0 .3615 

0 . 1 4 5 3 E   0 2  

0.897OE 0 1  0 . 6 9 0 1  
0 .9512E 0 1  0.6600 
O.1004E  02   0 .6305 
0 .1055E  02  0 .6017 
0 .1104E  02  0 . 5 7 3 4  
O.115OE  02  0 .5456 
0 . 1 1 9 3 E   0 2  0 . 5 1 8 3  
0 . 1 2 3 5 E   0 2   0 . 4 9 1 3  
0 .1215E  02   0 .4647  
0 .1313E  02   0 .4385  
0 .1350E  02  0 .4125 
0 .1386E  02  0 .3869 
0 . 1 4 2 0 t  02  

.. . " -. " r 1 S O N I C  LINE 

7 - . . . . - . . " . 

P 

L8,'SO F T  

0.9152E 0 1  
0.9228E 0 1  
0 . 9 3 3 3 E   0 1  
0 . 9 4 4 5 E   0 1  
0 .9565E 0 1  

0 . 9 8 3 6 E  0 1  
0.9696E 01 

0 .1015E  02  
0 .1034E  02  
O.1054E 0 2  
0 .1076E  02  
O.1lOOE  02 

- -. . . . . . . 

0 . 9 9 8 8 ~  0 1  

. __  " 

"- . " 

T H E T A  

R A D  

. . . - . . . - . - - 

RHO 

. . - . .. - . . " . S L U G I C U  F T  

0 .5682E-06 
0 .5795E-06 
0 .5932E-06 
0 . 6 0 6 3 E - 0 6  
0 . 6 2 1 2 E - 0 6  
0 .6387E-06 
0 .6596E-06 

X R  

~- 
0 . 2 2 2 4  
0 .2175 
0 . 2 1 1 3  
0 . 2 0 s  1 
0 . 1 9 8 9  
0 .1928 
0 . 1 8 6 7  
0.1805 
0 . 1 7 4 4  

0 .1623 
0 . 1 6 8 4  

0 .1563 
0 .1502 

Yf! V 

F T / S E C  

n I Y8 

0.3282 
0 . 3 5 2 4  
0 . 3 7 7 7  
0 . 4 0 4 0  
0 . 4 3 1 1  
0 .4586 
0 . 4 8 6 3  
0 . 5 1 3 1  
0 .5385 
0 . 5 6 2 3  
0 . 5 8 3 0  
0 . 6 0 0 7  
0 .6060 

X 8  

" 

- 0 . 0 1 9 3  
- 0 . 0 0 2 8  

0 . 0 1 4 7  
0 . 0 3 3 1  
0 .0526 
0 . 0 7 2 9  
0 .0941 
0.1158 
0 . 1 3 7 4  
0.1589 
0 . 1 7 9 4  
0 . 1 9 8 6  
0 .2046 

1.050 
0.7559E-05 1.101 
0. 

0.2926E-04  1 .245 
0 . 1 7 9 3 E - 0 4   1 . 1 7 1  

1 . 4 0 1   0 . 5 5 0 l E - 0 4  
1 .322 0 .4158E-04 

1 .485 0 .6968E-04 
1 .573  0 .8575E-04 
1.668 0.1035E-03 
1.772 C . 1 2 3 l E - 0 3  
1.890 0 . 1 4 5 0 E - 0 3  
2 .024  0 .1696E-03 
2 .184  0 .1973E-03 

. . - -. " - . . . . - -. " - 

-~ 

0.6288 
0 .6328 
0 .6378 
0 .6427 
0 .6477 
0.6527 
0 .6576 
0 .6625 
0 . 6 6 7 4  
0 . 6 7 2 3  
0 .6772 
0 . 6 8 2 0  
0 .6869 

0 .4516E  04  
0 .4717E 0 4  
0.5000E 0 4  
0 . 5 3 0 4 E   0 4  

0 .8936 
0 . 8 8 7 3  
0 .8806 

0 .8707 
0 .8752 

0 .8671 
0 . 8 6 4 0  

0 .8592 
0.8615 

0 .8572 
0 . 8 5 5 3  
0 .8535 
0 .8517  ." "- .- .. 

0 .5612E  04  
0 .5928E  04  
0 .6251E  04  
0 .6584E  04  
0 .6926E  04  

0 .6852E-06 
0 . 7 1 6 3 E - 0 6  

0 .7283E  04  
0 . 7 6 5 5 E   0 4  

0 .7543E-06 
O.8OlOE-06 
0 .8546E-06 
0 .9104E-06 
" . . "" .~ 

0 . 8 0 4 7 E   0 4  
0 . 8 4 5 7 E   0 4  
. - - . - . " . 



TABLE 11.- REAL-GAS SOLUTIONS FOR A I R  - CONTINUED 

ALTITUDE = 250.000 F T  VELOCITY = 20.OCO FT lSEC 

T SHOCK SHAPE B O C Y  DATA 

L B l S P  FT 

~ 

M 

~ 

C. 
0.034 
0.068 
0.102 

0.171 
C.137 

0.206 
0.240 

0.311 
C.275 

0.346 
0.382 

0.455 
0.419 

0.493 
0 .531  
0.568 
0.606 
0.645 
0.686 

0.767 
0.726 

0.809 
0.851 

0.939 
0.895 

0.984 
1.031 
1.078 

HT ERROR Y8 X 8  

0. 
0 .0003 
0 . C O l l  
O.CO24 
O.OC42 
O.OC66 
O.CO95 
0.0129 

0 .0214  
0.0169 

0.C265 
0.0322 
0.0385 
0 .0453  
0.C527 
0.0608 
0.C695 
0.G789 
0.0889 
0.0996 
0.1111 
0.1233 
0.1362 
0.1500 
0.1646 
0.1801 
0.1965 
0.2139 
0.2324 

RHO 

SLUG/CU FT 

Y B  

0. 
0.0229 
0.0458 
0.0687 
C.0916 
0.1145 
0.1373 
0.1602 
C.1831 
0.2060 

0.2518 
0.2289 

0.2747 
0.2976 
0.3205 
0.3434 
0.3663 
0.3892 

0.4349 
0.4120 

0.4807 
0.4578 

0.5036 
0.5265 
0.5494 
0.5723 
0.5952 
0.6181 
0.6410 

V 

FTlSEC 

0. 
0.1768E  03 
0.3534E  03 
0.5303E 0 3  
0.7079E  03 
O.8862E 0 3  
0 .1065E  04  
0.1245E 04 
0.1426E C4 
0.1607E 0 4  
0.1790E 04 

0.2 lbOE 0 4  
0.1974E 04 

0.2540E 0 4  
0.2347E 04 

0.2729E 04 
0.2919E 04 
0.3110E 04 
0.3305E 04 
0.3506E 04 
0.3707E 04 
0.3909E 04 
0 . 4 1 1 4 E  04 
0.4322E 04 
0.4532E 04 
0.4745E 04 
0.4962E 04 
0.5183E 04 
0.5407E 04 

I 

0. 
0 .0229 
0.0458 
0.0687 
0.0917 
0.1147 
0.1378 
0.1609 
0.1842 
0 .2075  
0.2310 
0.2545 
0.2783 
0.3022 
0.3262 
0.3505 
0.3750 
0.3997 
0.4247 
0.4500 
0.4756 
0.5015 
0.5278 
0.5546 
0.5817 
0.6094 
0.6375 

0.6957 
0 . 6 6 6 3  

C. 1248E-05  
0.1247E-05 
0.1245E-05 
0.1241E-05 
0.1236E-05 
0.1230E-05 
0. l 2 2 2 E - 0 5  
0.1212E-05 
0.1201E-C5 
0.1189E-05 
0.1175E-05 
0.1160E-05 
0- 1144E-05  

0 .1106E-05  
0. 1126E-05  

0.1086E-05 
0.1063E-C5 
0.1040E-05 
0.1015E-05 
0.9895E-06 
0.9624E-06 
0.9343E-06 
0.9C5OC-06 
0 .8748E-06  
0.8438E-06 
0.8116E-06 
0.7789E-06 
0.7451E-06 
0.7110E-06 

0.0002 
0.0002 
0.0002 
O.GOO2 

0.0001 
c .co02  

0.0001 
0. coo0 

-0.c000 
-0.000 1 
-0 .0002  

-0.COO4 
-0.COO3 

-0.0005 
-0.0005 
-0.0006 
-0.0007 
-0.0008 
-0.0010 
-0.0010 
-0.co12 
-0.0015 
-0.00 I 7 

-0 .0022 
-0. co  1 9  

-0.0023 
-0.0026 

-C.G032 
-0.0028 

.. -. 

-0.0514 
-0.0505 
-0.0478 
-0.0432 
-0.0367 
-0.0284 
- 0 . 0 1 8 l  
-c .o059 

0.0083 
0.0246 
0.0430 
0.M35 
0.0863 
0.1113 
0.1388 
0.1688 

0.2365 
0 .2013  

0.2745 
0.3153 

0.4061 
0.3591 

0.4563 
0.5098 

0.6276 
0 .5669  

0.6920 
0.7604 
0.8329 

-. _. " . . . 

0. 
0.0458 
0.0916 
0.1373 
0 .1831  
0.2289 
0.2747 
0.32C5 
0.3663 
0.4120 
0 .4578  
0.5036 
0.5494 
0.5952 
0.6410 
0.6867 
0.7325 
0.1783 
0 .8241  
0.8659 
0.9156 
0.9614 
1.0072 
1.0530 
1.0988 
1.1446 
1.1903 
1 .2361  
1.2819 

.I 

0.3007E  02  
0 . 3 0 0 5 f   0 2  
0 .2999E  02  
0 .2989E  02  
0.2975E  02 
0 .2958E  02  
0 . 2 9 3 6 E   0 2  
0 . 2 9 1 1 E   0 2  
0 .2882E  02  
0.2849E  02 
O.2812E  02 
0 .2772E  02  
0 .2728E  02  
0.2680E C2 
0 .2629E  02  
0 .2573C  02  
0.2515E  02 
0 .2454E  02  
0 .2389E  02  
0 .2321E  02  
0 .2250E  02  
0.2177E  02 
0 . 2 1 O l E   0 2  
0 .2023E  02  
0 .1943E  02  
0.18blE 0 2  
0.1778E  02 

0 . 1 6 O b t   0 2  
0.1692E  02 

I 

r ~- 

RHO 

. .  
SLUG/CU F T  

0.7312E-06 
0.7485E-06 
0.7615E-06 
0.7761E-06 
0.7925E-06 
0.8109E-06 
0.8316E-06 
0 .8546E-06  

0.9094E-06 
0. E805E-06 

0 - 9 7 8 6 E - 0 6  
0.94 19E-06 

0.1020E-05 

. "" 

- . . . . - - 

X8 Y B  P 

L B l S C  F T  

0.1657E  02  
0 .1678E  02  
0 . 1 6 9 4 E   0 2  
0 . 1 7 1 2 E   0 2  
0 .1732E  02  
0 .1754E  02  
0 . 1 7 7 8 E   0 2  
0 .1805E  02  
0.1835E 02  
O.1867E  02 
0 .1903E  02  
0.1942E  02 
0.1984E  02 

- - . - . . . . 

M P S I  

. -. - -. - - 
C.  
0.1922E-04 
0.3328E-04 
0.4870E-04 
C.6559E-04 
0.8405E-04 
0.1042E-03 
0.1262E-03 
C.1501E-03 
0.1763E-03 
0.2048E-03 
0.2359E-03 
C.2659E-03 - , . . . . . - - . 

Y D  THETA 

R A C  
" 

0.8865 
0.8952 

0.8792 
0.8824 

0.8767 
0.8747 

0.8720 
0.8732 

0.8711 
0.8703 
0.8697 
0.8691 
0.8685 

-__. - 

V 

FTlSEC 

0.5274E 04 
0.5966E 0 4  
0.6419E 04 
0.6878E 04 
0.7341E 04 
0.7809E 0 4  
O.8281E 04 
0.8758E 04 
0.9238E 04 
0.9722E 04 
0.1021E  05 
0.1070E  05 
0.1118E 0 5  

X 8  

0.2213 
0.2138 
0.209C 
0 .2041  
0.1993 
0.1945 
0.1897 
0.1850 
0.1802 
0.1754 
0.1707 
0.1660 
0.1612 

0.6274 
0.6334 
0.6373 
0.6412 
C.6450 
0.6489 
0.6527 
0.6565 
0.6604 
0.6642 
0 .6680  
0.6718 
C.6756 

1.050 
1.194 
1.290 
1.388 

1.591 
1.488 

1.697 
1.805 
1.917 
2.031 
2.149 
2.270 
2.395 
". ._ - 

-0 .0159  
-0 .0024  

0.0122 
0.0279 
0.0450 
0.10633 
0,0827 
0.1028 
0.1233 
0.1438 
0.1642 
0.1841 
0.2023 - . - . . . , . 

0.2836 

0 .3325  
0. 3071  

0.3598 
0.3887 
0.4186 
0.4489 
0.4787 

0.5346 
0.5075 

0.5598 
0.5830 
0.6030 

~ ." 
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TABLE 11.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED 

ALTITUOE = 250,COO F T  VELOCITY = 25,OOC F T l S E C  

1 . . "~ 

.. - .~ " 

x0 

." 

0 .  
O.CO03 
0.0010 
0 . 0 0 2 2  
0. C040 
O.CO62 
0 .  CO90 

0.0160 
0 . 0 1 2 3  

0 . 0 2 5 2  
0 . 0 2 0 3  

0.  0 3 0 6  
0 .0365 
0 . 0 4 3 0  
0 .0500  
0 . 0 5 7 7  
0 .0659 
0 .0748 
0 . 0 8 4 2  
0 . 0 9 4 4  
0 .1052 
0 .1167 
0 .1289 
0 . 1 4 1 8  
0 .1556 
0 .1702 
0.1855 
0.2018 
0 . 2 1 9 1  

S H O C K  S H A P E  E O C Y  DATA 

I 
Y O  PHI 

R A D  ! - 

0 . 0 2 2 3  

C.0669 
0 .0446 

0 .0892 
0.1115 
0.1338 
0 .1562 
0.1785 
0 .2008 
0 .2231 
0 . 2 4 5 4  

x 0  

- 0 . 0 4 3 7  
- 0 . 0 4 2 9  
- 0 . 0 4 0 2  
- 0 . 0 3 5 7  
- 0 . 0 2 9 4  
- 0 . 0 2 1 3  
- 0 . 0 1 1 2  

0 . 0 0 0 7  
0 . 0 1 4 6  
0 . 0 3 0 5  
0 . 0 4 8 4  
0 .0686  
0.09C9 
0 . 1 1 5 5  
0 .1425 
0 . 1 7 1 9  

0 . 2 3 8 6  
0 . 2 0 3 9  

0 .2760 
0 . 3 1 6 4  
0 . 3 5 9 7  
0 . 4 0 6 2  
0 . 4 5 6 0  
0 . 5 0 9 2  
0.5659 
0 . 6 2 6 4  
0 . 6 9 0 7  
0 . 7 5 9 0  
0 .8314 

HT E R R O R  

0 . 0 0 0 2  
0 .0002 
0 .  c o o 2  
0 . 0 0 0 2  
0.0001 
0.0001 
0.0001 

-0.0001 
o.cooo 

- 0 . 0 0 0 2  
-0.0003 
-0 .0004 
- 0 . 0 0 0 4  
-0.COO4 
- 0 . 0 0 0  1 
-0.coo3 
- 0 . c o o 5  
-0 .000  7 
- 0 . 0 0  12  
-0.COlb 
- 0 . 0 0 2 0  
- 0 . 0 0 2 1  
- 0 . c o 2 2  
-0 .0021 
- 0 . 0 0 2 3  
- 0 . 0 0 2 4  
- 0 . 0 0 2 u  
- 0 . 0 0 2 3  
- 0 . 0 0 2 2  

HHO 

SLUGlCU F T  

0 .1460E-05 
0 .1460E-05 
0 .1457E-05 
0 .1453E-C5 
0 .1447E-05 
0 .1440E-05 
0 .1431E-05 
0 .1421E-05 
0 .1409E-05 
0 .1395E-05 
0 .1380E-05 
0 .1363E-05 
0 .1344E-05 
0 . 1 3 2 4 E - 0 5  
0 .1302E-05 
0 .1279E-05 
0 .1254E-05 
0 . 1 2 2 8 E - 0 5  
0 .1200E-05 
0 .1172E-05 
0 .1142E-05 
0.111OE-05 
0.1077E-05 

0 .1007E-05 
0 .1042E-05 

0 .9707E-06 
0 .9330E-06 
0 .8951E-06 
0 .8559E-06 

V 

F T l S E C  

0 .  
O.2009E 0 3  
0 . 4 0 1 5 E   0 3  
0.6025E 0 3  
0 .8042E 0 3  
0 . 1 0 0 7 E   0 4  
O.12IOE  04 
0 .1414E  04  
0 .162OE  04  

0 .2034E  04  
0 .1826E 04 

0.2243E  04 
0 .2454E 04 
0.26h6E 04 
0.2884E 04 
0 . 3 1 O O E  04 
0 . 3 3 1 5 E   0 4  
0 .3532E  04  
0 .3753E  04  
0 .3979E  04  
0.4211E  04 
0 . 4 4 4 0 E   0 4  
0 .4671E 04 
0 .4905E  04  
0 .5143E 04 
0.5383E 04 
0 .5627E  04  
0.5875E 0 4  
0 .6127E 04 

P 

L B l S C  FT 

0.4718E  02  
0 .4715E  02  
0 .4706E  02  
0 .4691E  02  
0 .4671E  02  
0 .4644E  02  
0 .4612E  02  
0 .4573E  02  
0 .4529E  02  

0 .4424E  02  
0 .4479E  02  

0 .4362E  02  
0 .4295E  02  
0 .4223E  02  
0 .4145E  02  
0.4061E  02 
0 .3972E 0 2  
0 .3879E  02  
0.3780E  02 
0 .3677E  02  
0 .3570E  02  
0 .3458E  02  
0 .3342E  02  

0 .3100E  02  
0 . 3 2 2 3 E   0 2  

0 .2975E  02  
0 .2847E  02  
0 . 2 7 1 7 E   0 2  
0 .2584E  02  

M 

0 .  
0.033 
0.066 
0.100 
0.133 
0.167 
0 . 2 0 0  
0 .234 
0 . 2 6 9  
0 . 3 0 3  

0 .373 

0 . 4 4 4  
0 . 4 0 8  

0 . 4 8 1  
0 .518 

0 .592 
0 .554 

0 . 6 3 0  
0.669 
0 . 7 0 9  
0 .749 
0 . 7 9 0  

0.338 

0 . 8 7 4  
0 . 9 1 7  
0 . 9 6 1  
1.006 
I .052  

0.831 

0 .  
0 . 0 2 2 3  
0 .0446 
0 .0670 
0 . 0 8 9 4  

0 .1343 
0.1118 

0 .  
0 .0446 
0 .0892 
0 .1338 
0 .1785 
0 . 2 2 3 1  
0 .2677 
0 .3123 
0.3569 
0 . 4 0 1 5  
0 .4462 
0 . 4 9 0 8  
0 . 5 3 5 4  
0 . 5 8 0 0  
0 . 6 2 4 6  

0 .  1 5 6 8  
0 . 1 7 9 4  
0 .2021 
0 .2250 
0 . 2 4 7 9  
0 . 2 7 1 0  
0 .2942 
0 .3176 
0 .3412 
0 . 3 6 5 0  
0.3890 
0.4132 
0 .4377 
0.4625 
0 .4876 
0 . 5 1 3 1  
0 . 5 3 8 9  

C.2677 
0 .2900 
0 . 3 1 2 3  
C.3346 
0.3569 
0.3792 
0 .4015 
0 .4239 
0 .4462 
0 .4685 
0 .4908 
0.5131 

0.6692 

0 . 7 5 8 5  
0 . 7 1 3 9  

0 .8031  
0 . 8 4 7 7  
0 . 8 9 2 3  
0.9369 
0.9816 
1.0262 
1 . 0 7 0 8  0 . 5 6 5 1  

0 .5917 
c . 5 3 5 4  
0 .5577 
0 . 5 R 0 0  
0 .6023 
0 .6246 

1 . 1 1 5 4  
1 . 1 6 0 0  
1 .2046 
1 . 2 4 9 3  

0 .6188 
0 .6465 
0 .6747 

I 

r S O N 1 1  

X8 

C L I T 4  

Y B  PSI X 8  T H E T A  

F T l S E C  

P 

L B I S S  F T  

0.2590E  02  
0 . 2 6 1 6 E   0 2  
0 .2638E  02  
0 .2663E  02  

0 . 2 1 8 3  
0 .2125 

- 0 . 0 1 3 7  
- 0 . 0 0 1 7  

0 . 0 1 1 4  
0 . 0 2 6 0  
0 . 0 4 2 3  

0 . 0 7 9 6  
0 .0602 

0.1001 

0.2577 
0 . 2 8 0 9  
0 . 3 0 6 7  
0.3351 
0 .3660  
0 . 3 9 8 7  
0 .4323 
0 . 4 6 5 6  
0 . 4 9 7 6  
0 .5276 
0 . 5 5 5 3  
0 . 5 8 0 7  

0.6236 
0.6282 
0 .6314 
0 .6347 
0 . 6 3 7 9  

0 . 6 4 4 3  
0 .6411 

0 .6475 
0.6507 
0 .6539 
0 .6571  
0.6603 
0.6635 

0 .6115E 04 

0.8862  0 .8810E 0 4  
0 . 8 8 8 0  0.8184E 0 4  
0.8906 0 .7567E  04  
0.8939 0.6960E 04 
0 .9006 

0.1009E 0 5  0.8838 
0 . 9 4 4 5 E   0 4  0 .8848 

0 .  
0 . 2 1 0 2 E - 0 4  
0 . 3 8 0 l E - 0 4  
C.5685E-04 
C.7768E-04 

O.126OE-03 
0 .1007E-03 

C . 1 5 3 9 E - 0 3  
0 . 1 8 4 7 E - 0 3  
O.2186E-03 
0 .2559E-03 
C.2971E-03 
0 .3427E-03 

0 . 2 0 8 4  
0 . 2 0 4 3  
0 .2002 O.2692E  02 

0 .2762E  02  
O.2725E  02 0 . 1 9 6 2  

0 . 1 9 2 1  
0 . 1 8 8 1  
0 . 1 8 4 0  
0.1800 

0.1015E-05 1.933 
0.1050E-05 2 .070 
0 .1090E-05 2 .213 

0 .1074E C5 

0.8819 O.1344E  05 
0 .8821 0 .1276E 0 5  
0 . 8 8 2 3  0.1208E 0 5  
0 .8826 0 .1141E  05  
0 .8831 O.2804E  02 

0 .2852E  02  
0 .2905E  02  
0 .2965E  02  
0 .3032E  02  
0 .3107E  02  

0 . 1 2 1 1  
0 . 1 4 2 3  

0 . 1 7 6 0  
0 .1720 
0.1680 

0 . 1 6 3 2  
0.1836 
0 . 1 9 9 7  0 .1413E  05  I 0.8818 



A L T I T U D E  = 250.000  FT V E L O C I T Y  = 30,OCO FT/SEC 

" _ _  . . . "" . ._ - . . _ _  " - -. . -. - .  
B O D Y   D A T A  

. . . . . . . . 

HT ERROR 

. - . . . - - 
-0.0000 
-0.c000 
-0.c000 
-0.0000 

0.0001 
0 .0001 
o.co02 

-0.0002 
0.0000 

-0.coo3 
0.0001 
0 .0007  
0 .0012  
0.0010 
O.CO03 
O.CO07 
0 .0010  
0.0013 
C.CO14 

0.0026 
0.0019 

0.0038 
0. C044 
0.0062 
0.0068 

. - . . - . . . . 

. " ._ . " - - 

X8 

. - . ." 

- 0 . 0 4 2 8  
-0.044 1 

-0.0319 
-0.0387 

-0.0100 
-0.0224 

0.0236 
0 .0053  

0.0449 
0.06Y4 

0.1286 
0.0973 

0 .1636  
0.2023 

0.2920 
0 .2451  

0 . 3 4 3 3  
0 .3992  
0 .4600  

0.5972 
0.5259 

0 . 6 7 4 1  
0.7569 
0.8459 

- . - " - . . 

" . . - . . 

Y 8  

- I -_ - . 
0. 
0.0540 
0.1080 
0.1620 
0.2160 
0.27CO 
0.3239 
0 .3779  

0.4859 
0.43 19 

0.5399 
0.5939 

0.7019 
0.6479 

0.7559 
0.8099 

0 .9178  
0.9718 
1.0258 

1.1338 
1.0798 

1 .1878  
1 .2418  

0.n639 

. . . - . . - . . . J 

__ . . . - -_ . - . . . 

V 

- -. - - .- - FTISEC 

0. 
0.3017E 0 3  
0 .6021E C 3  
0 .9045E 03 
0.1207E 04 
0.1511E 04 
0 .1815E C4 
0 .2120E 04 
0.2426E 04 
0.2736E 04 
0.3050E 04 
0.3369E 04 
0.3691E 04 

C.4353E C4 
0.4016E 04 

0.4681E C4 
0.5009E  04 
0.5340E 04 
0.5680E 04 
0.6022E 04 
0.6364E 04 
0.6717E  04 
0.7068E  04 
0.7428E 04 
0.7786E 0 4  

. - -. - -. - 

P h  I 

. -. -. .. . 
R A E  

0. 
0.0270 
0.0540 
0.0811 
0.1082 
0.1354 
0.1627 
0.1901 
0 .2177  
0.2454 
0.2734 
0.3015 
0.3299 
0.3586 
0.3876 
0.4169 
0.4467 
0.4769 
0.5075 
0.5387 
0.5705 
0.6029 
0.6361 
0.6699 
0.7047 

. - . " . . 

". .I . 

P 

. . . . . . . - . - . - L B I S Q  FT 

0.6784E  02 
0 . 6 7 7 8 t   0 2  
0.6759E  02 
0.6727E  02 
0 .6682E  02  
0 .6625E  02  
0 .6556E  02  
0.6474E  02 
0.6381E  02 

0 .6156E  02  
0 .6274E  02  

0.6025E  02 
0.5881E  02 
0 .5725E  02  
0.5559E  02 
0 .5382E  02  
0.5197E 0 2  

0 . 4 8 0 3 E   0 2  
0 .5004E  02  

0 .4595E  02  
0 .4382E  02  
0 . 4 1 6 4 t  0 2  
0 .3942E  02  
0 .3716E  02  
0 .3489E  02  

" - . . , . - . - . . 

tJ 

._ . . - 
0. 
0.039 
C.078 
0.118 
0.157 
0.197 

0 .217  
0.237 

0.317 
0.359 

0.443 
0.400 

0.486 
0 . 5 3 1  
0.577 
0.623 

0 .716  
0.669 

0.814 
0.765 

0.864 
0 .916  
0.969 
1.023 
1.079 

- " " . -. . . 

x0 YB RHO 

SLUGICU FT 

0.1402E-05 
0.1401E-05 
0.1398E-05 
0.1393E-05 
0.1385E-05 
0.1375E-05 
0.1363E-05 
0.1350E-05 
0.1334E-05 
0.1316E-05 
0.1295E-C5 
0.1272E-05 

0.122OE-05 
0.1246E-05 

0.1192E-05 
0.1161E-05 
0.1128E-05 
0.1093E-05 
0.1058E-05 
0.1020E-05 
0.9805E-06 
0 .939 lE -06  
0.8977E-06 
0.8536E-06 
O.8107E-06 

. -. . .- . - . - . . . 
0. 
O.CCO4 
0 .0015  
0.0033 
0. GO59 
0 .0092  
0.0133 
0.0181 
0.0237 
0.030C 
0.C372 
0.C452 
0.C540 
0.0636 
0 .0742  
0.0857 
0 .0482  
0. 1117 
0 .1262  
0 . 1 4 1 8  
0.1586 
0.1765 
0. 1957 
0.2162 
3 . 2 3 8 1  

0. 
0.0270 
C.0540 
0.0810 
0.1080 
0.1350 
0.1620 
0.1890 
0.2160 
0.2430 
0.2700 
C.2969 
0.3239 
0.3509 
0.3779 
C.4049 
0.4319 
0.4589 
0.4859 
G.5129 
0.5399 
0.5669 
0.5939 
0.6209 
0.6479 

__- 

Y B  

. . ". . - -. -. 

P S I  

. . . . - . . - - 
0. 
0.3277E-04 

0.8196E-04 
0.5591E-04 

0.1113E-03 
0.1443E-03 
C.1814E-03 
0.2231E-03 
0.2699E-03 
0.3226E-03 
C.3821E-03 
0.4494E-03 

. . . - - . . 

. . " - . . . -. . .^ -. . . . . . . . - - - . . . . F I E L D  D A T A  

THETA 

L B I S C ?  FT- . " - . . - . . - . ". " . 

0.8826 0 .3652E  02  
0.8901 0 .3607E  02  

0.8796 0.3685E  02 
0.8773 0.3724E  02 
0.8757 0 .3769E  02  
0.8747 0 .3822E  02  
0.8740 0 .3884E  02  
0.8737 0.3955E  02 
0.8736 0 .4038E  02  
0.8737 0.4134E  02 
0.8740 0.4244E  02 
0.8742 0.4372E  02 

-. - . . . . - . - - " - " - - . - 

- . . " - -. . - 

Rno 

. - - . . . . . - . .. . . S L U G I C U  F l  

O.8329E-06 
0.8745E-06 
0.9046E-06 
0.9392E-06 
0.9779E-06 
0.102OE-05 
0.1066E-C5 
O . l l l 6 E - 0 5  
0.1173E-05 
0.1239E-05 
0.1316E-05 
0.1406E-05 

. . . .. - - . . . 

X 8  1 Y R  I V 

FTISEC . - - - - - " - -. - - 
0.7599E  04 
0.8783E  04 
0.9528E 04 
0 . 1 0 3 0 E  05  
O . l l l l E  05  
0.1194E 05 
O.1281E  05 
0.1370E  05 
0.1462E 0 5  
0 .1555E  05  
0.1650E  05 
0.1747E  05 

P 

. " - . " . 
1.050 
1.239 
1.364 
1.500 
1.646 
1.802 

2.141 
1.966 

2.325 
2.522 
2 .731  
2.951 

. . . . . . . . . 

I . . . . - . . . . . . . , - - 

-0.0005 0.2826 
-0.0130 0 .2578  

0 .0136  0.3105 
0.0297 0.3419 
0.0478 0 .3764  
O.06Hl  0 .4129 
0.0901 0.4502 

0.2265 
0.2198 
0 .2158  
0 .2118  
0.2078 
0.2038 
0.1998 

0.1919 
0.1958 

0.1879 
0.1840 
O.lEO0 

0.6338 
0 .6392  
C.6425 
0.6457 
0.6490 
0.6522 
0.6554 
0.6586 
0.6619 
0.665 1 
C.6603 
C.6715 

0 . 1 1 3 3  
0.1368 
0.1601 

0.2049 
0.1829 

0.4866 
0.5209 
0.5524 
0.58~29 
0.6067 

68 



TABLE 11.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED 

ALTITUDE = 250.000 F T  V E L O C I T Y  = 35.000  FTlSEC 

" - - I" . . " . ._ ". . . ___ .. "_ - .  ." _. "I- ~ 

SHOCK SHAPE B O D Y  DAIA  

* I  HT ERROR 

. "" T""" 

. . - . . . - 

X 8  

. 

Y B  

- . - - " . - 

V 

FT lSEC - 
0. 
0.3651E 03 
0 .7302E  03  
0.1097E  04 
0.1465E  04 
O.1837E 0 4  
O.2212E  04 
0.2590E 04 
0.2971E 0 4  
0.3355E 0 4  

" .  - " 

P H I  

RAE 

0. 
0.0279 
0.0558 
0.0838 
0.1118 
0.1399 
0.1682 
0.1965 
0.2251 
0.2538 
0.2827 
0.3119 
0 .3414  
0.3712 
0.4014 
0 .4319  
0.4629 
0.4944 
0.5264 
0.5590 
0.5923 
0 .6262  
0.6609 
0.6965 

. . - ." 

X B  Y B  

I" " -. - . L a l s a  F T  

0 .9223E  02  
0 .9214E  02  
0.9186E  02 
0 .9141E  02  
0 .9078E  02  
0 .8996E  02  
O.8896E 0 2  
0 .8778E  02  
0 .8641E  02  
0.8487E 0 2  
0 .8314E  02  
0 .8125E  02  
0 .7919E  02  

0 .7458E  02  
0 .7695E  02  

0.7209E  02 
0.6948E  02 
0 .6678E  02  
0.6377E  02 
0.6105E  02 
0.5798E  02 

0 .5145E  02  
0 .5480E  02  

0 .4802E  02  

SLUGICU FT 

0.1354E-05 
0.1353E-05 
0.1350E-05 

0.1336E-05 
0.1344E-05 

0.1325E-05 
0.1313E-05 
0.1297E-05 
0.128OE-05 
0.1259E-05 
0.1237E-05 
0. l 2 1 2 E - 0 5  
0. l l 8 6 E - 0 5  
0.1157E-05 
0. l l 2 b E - 0 5  
0.1093E-05 
0.1059E-05 
0.1023E-05 
0.9850E-Ob 
0.9455E-06 
0.9036E-06 
O.8599E-06 
O.8137E-06 
0.7660E-06 

~... . . - - - - - . . 
0. 
0 . 0 0 0 4  
0.0016 
0.0035 
O.CO62 
O.CO97 
0 . 0 1 4 1  
0.0192 
0.0252 
0.0320 

0 . 0 4 8 3  
0 .0397  

0.0578 
0 .0682  
0.0797 
0.092 1 

0 .1201  
0.1056 

0 . 1 3 5 8  
0.1526 
0.1707 
0.1900 

0.2328 
0.2106 

~- 
0. 
0.0279 
0.0558 
0.0837 
0.1116 

-0 .0468 

-0.0412 
-0.0454 

-0.0243 
-0.0342 

-0.0114 
0.0046 
0.0237 
0 .0461  
0.0720 

0.1350 
0.1016 

0.1725 
0 .2143  
0 .2606  
0.3118 
0 .3681  
0 .4298  
0.4974 
0 .5710  
0 .6511  
0.73110 
0.8322 
0 . 9 3 4 1  

0. 
0.0558 
0.1116 
0 .1674  
0.2232 
0.2790 
0.3348 
0 .3906  
0 .4404  
0 .5022  
0.5580 
0.6138 
0 .6696  
0 .7254  
0 .7812  
0 .8370  
0 .8928  
0 .9486  
1.0044 
1.0602 
1.llCO 

1.2275 
1.1718 

1.2833 

I 0.0000 
0.0000 0. 

0 . 0 4 1  
0.083 

0.166 
0.124 

0.208 
C.251 
0.294 
0.338 
0.382 
0.426 
0 .471  
0.519 
0.566 
0.613 
0.660 
0.708 
0.757 
0.807 
0.859 
0.912 
0.968 
1.027 
1.089 

0.0000 
0.0001 
0.0000 

0.1395 
0.1674 I ~ O . C O O 1  

0.c000 

C . 1 9 5 3  
0.2232 
0 .2511  

-0.0001 
0.0001 
0.0005 

0.0003 
C.CCO6 

-0.0001 
- 0 . c 0 0 0  
-0.c000 
-0.0002 
-0.000 7 
-0 .coo5 
-0 .coo3  
-0.000 I 

O.CO03 
0.0007 

0.2790 
0.3069 

0.3741E 0 4  
0.4132E  04 

0.3348 
0.3627 

0.4535E  04 
0.4936E  04 
0.5335E 0 4  
0.5737E 04 
0.613ME 0 4  
0.6544E  04 
0.6955E  04 
0.7377E  04 
0.7809E  04 

0.8730E  04 
O.8256E 0 4  

0.9221E 0 4  

0.3906 
C.4185 
0.4464 
0.4743 
0.5022 
0.5301 
0.5580 
0.5859 

0.6417 
0.6138 

.~ I "" L" " ." 

FIELO C A T A  1 S O N I C  L I N E  _" . - . . "" " 

THETA 

R A O  
"" 

0.9037 

0.11921 
0.8454 

0.8896 

0.8853 
0.8863 

0.8838 
0.8845 

0.8833 
0 .8828  
0.8825 

0.8877 

" 

v 

- FTlSEC 

0.8911E 0 4  

O.1112E 0 5  
O.1029E 0 5  

0.1197E  05 
0.1285E 05 
0.1375E 0 5  
0.1469E 05 
0.1567E 0 5  
0.1669E 0 5  
0.1777E 0 5  
0.1892E  05 
O.2Ol6E  05 

X 8  Y B  M Y E  I X B  KHO 

SLUGlCU FT 

0.7961E-06 
0.8219E-06 
0.8413E-06 
0.8647E-06 
0.8928E-06 
0.9268E-06 
0.9681E-06 
0.1019E-05 
0.1085E-05 
0.1170E-05 
0.1286E-05 
0.1440E-05 

.. . 

" 

P 

L B I S P  F l  

0 . 5 0 1 8 E  0 2  

0 .5132E  02  
0.50LlbE  02 

0.5184E  02 
0 . 5 2 4 4 E   0 2  

0 .5392E  02  
0 .5313E  02  

0 .5482E  02  
0 .5587E  02  
0 .5708E  02  
0 .5851E  02  
0.6023E  02 

"___ " "" 

1.050 
1.221 

1.437 
1.326 

1.553 
1.676 
1.808 
1.952 
2.111 
2.302 
2.545 
2.852 

0.2187 

0 .2070  
0.2113 

0.2026 
0.1983 
0.1940 
0.1897 
0.1855 
0.1812 
0.1769 
0.1727 
0.1684 

0.6242 
0.6300 
0.6334 
C.6369 
0.6403 
0.6436 
0.6470 
0.6504 
0.6538 
0.6571 
0.6605 
0.6638 

0. 
0 .3692E-04 

-0 .0145  
-0.0018 

0 .618 lE-04  0 .0122 
G.8943E-04 0.0277 
0.1201E-03 0.0450 
0.1543E-03 

0-OR45  0 .1924E-03 
0.0639 

0 .2837E-03  0 .1289 
C.2352E-03 0.1063 

0.3391E-03 0 .1517  
C.4034E-C3  0.1742 
0.4798E-03 0.1960 

0 .2666  

0.3166 
0.2903 

0.3767 
0 . 3 4 5 5  

0 . 4 0 9 8  
0.4437 

0.51Cb 
0.4777 

0.5416 
0 .5699  
0.5955 



TABLE 11.- REAL-GAS SOLUTIONS FOR A I R  - CONTINUED 

ALTITUOE = 250.000 F T  VELGCITY = 40,OOC FT lSEC 

~ - - - - . " - - -. . . - . - . 
BOOY O A T P  

" . 

k T  ERRGR 

c .co02  
o.co02 
0.0002 
o .coo1  
c.coo1 
o .coo1  
0.0000 

-0. coo  1 

- 0 . 0 0 0 4  
- c . c002  

-0.0006 
-0.COO6 
-0 .coc5  
-0.0006 
-0.0009 
-0 .co12  
-C.C012 
-0 .co15  
-0.co20 

-c . c025  
-0. c 0 2  I 

-0 .0025 
-0.0028 
-0.CO26 

. - .  

. - . ... 

X B  

. . . . - - . 

-0 .0436  
-C.C450 

-0.0394 
-0 .0324  
-0 .0225  
-0.0097 

0 . 0 0 6 1  
0 .0251  

0.0729 
0.0473 

0.1349 
0.1020 

0 .2125  
C.1716 

0 .2577  
0.3075 
C.3621 
0.4219 
0.4870 
0.5579 

0 .7181  
0.6348 

0 .8081  
0.9C52 

- - _. . -. 

P 

LBISC FT 

RHO 

SLLGICU F T  

C. 1413E-C5 
0.1412E-05 
C. 1408E-05  
C.1402E-05 
0.1394E-05 
0.1383E-05 

0.1354E-05 
0.1370E-C5 

0.1315E-05 
C. 1336E-05 

C. 1292E-C5 
C. 1267E-05  
C.1239E-05 
0.1209E-05 
c. 1 1 7 7 ~ - c 5  
0.1143E-05 
C. 1106E-C5 
O.lC68E-C5 
0.1C28E-C5 
0.9870E-C6 

0.9023E-06 
C.9452E-Cb 

0.8164E-C6 
0.8598E-06 

"~ "" ~ - 

H 

. . . . . . ". 
0. 
0 .041  
C.082 
C. 124 
C.165 

0.25C 
0 .207  

0.292 
C.336 
0 .379  
0.424 
0.469 
C.516 
0 .562  
0.6C8 

0 .705  
0.656 

0.755 

0.857 
C.91C 
0 .963  
1.015 

0.806 

1.068 

" - 

X8 Y8 V 

FTISEC 

Y8 

. - . . . . . . . 
0.0557 
0. 

0 .1114  
0.1670 
0 .2227  
0.2784 

0.3858 
0 .3341  

0 .5011  
0.4455 

0.5568 
0.6125 
0.6682 
0.7239 
0.7796 
0.8352 
0.89C9 
0.9466 
1.0023 
1.0580 
1.1137 
1.1693 

1.28C7 
1.2250 

_. . . ._ 

P h  I 

R P C  
I 

0. 
0.0278 
0.0557 
0.0836 
0 .1116  
0 .1397  

0 .1961  
0.1678 

0.2246 
0.2533 

0.3113 
0.2821 

0.3407 
0 .3704  

0.43C9 
0.4CC5 

0.4618 
C.4932 
0.5251 
0.5576 
0.59C8 
0.6247 
0.6594 
0.6949 

" 

0.1206E  03 
0 .1205E  03  
O.12OlE  03 
0.1195E  03 
0.1187E C3 
0.1176E  03 
O.1164E  03 
0.1148E  03 
0.1131E C3 
O.llllE 0 3  
0.1088E  03 
0 .1064E  03  
0.1037E C3 
0.1008E C3 
0.9777E  02 
0 .9451E  02  

O.8745E  02 
0.8374E  02 

0 .7600E  02  
0 .7990C  02  

0.7208E  02 
0.6819E  02 
0 .6429C  02  

0 . 9 1 0 ~ ~   0 2  

0. 

O.CC16 
0. CC04 

O.CC62 
O.CO35 

o . c c 9 7  
0.C14C 
0.C192 
0.C251 
0.C319 
0.C395 
0.C481 
0.C575 

0.C792 
C. C6 79 

0.C916 
C. IC5C 

C. 135C 
0.1194 

0. 1 5 1 e  
0.1698 

0.2C97 
C. 1 8 9 1  

0.2318 

C. 
C.C278 
C.0557 
C.0835 
C.1114 
C.1392 
C. 1 6 7 0  
C. 1949  
C.2227 
C.2506 
C.2784 
0.3C63 
C.3341 

C.3898 
C.3619 

0.4176 
c.4455 

C.5011 
c.4733 

C.5290 
C.5568 
C.5847 
0.6125 
C.6404 

C. 
0 .4082E  03 
0.8162E  03 
0.1225E  04 
0.1637E C4 
0.2051E 0 4  
0.2468E  04 
C.2887E C4 
0.3310E C4 
0.3737E  04 
0.4168E 04  
0.4604E C4 
0.5059E C4 
C.5500E C4 
0.5944E C4 
O. t393E C4 
0.6855E C4 

C.7793E  04 
0.7325E C4 

0.8263E C4 
0.8742E C4 
0.9212E C4 
0.9679E 0 4  
0.1014E 0 5  

-... . 
SONIC L I N E  

. - .. - i-. .~ " -1 
--. 1 

." " .. . ~. _" . " .. 
F I E L D  CATP 

. - . . . . . - ". 

P S I  

C.  
C.2998E-04 
C.5728E-04 
C.8757E-04 
0.1211E-C3 
C.1582E-G3 
0.1993.5-03 
0.2446E-03 
0.2950E-03 
C.35C9E-C3 

C.4832E-03 
C.4132E-03 

C.5625E-C3 

. . . . .. . . . . 

I ~ -. . . ". . - 

RHO 

S L U G I C U  FT 

C.8315E-06 
0.8494E-06 
0.8659E-06 
0.8848E-06 

0.9319E-C6 
0.9067E-06 

0.9612E-C6 
C.9954E-06 
0.1036E-05 
0.1083E-C5 
0.1142E-C5 
C. 1214E-C5 
0.1308E-05 

__ " 

_" ~ 

M 

_" 
THETP 

R A C  
.I__ 

0.8975 
0.8911 
0 .8874  
0 . 8 8 4 4  
0.8820 
0.88C2 
0.8788 
0.8778 
0.8770 
0.8765 
0.8761 
0.8759 
0.8757 

- 

P 

L a l s a  F T  

0 .6564E  02  
0.6618E C2 
0 .6668E  02  
0 .6726E  02  

0.6810E C2 
0 .6793E  02  

0.6959E C2 
0 .7059E  02  
0 .7175E  02  
0.7307E  02 
0.7458E  02 
0.7631E  02 
0 .7832E  02  
___." 

I "  
x B  I Y R  I X8 

0.224C 
0.2188 
0 .2147  
0.2105 
0.2C64 
0.2c22 
0.1981 
0.194C 
0.1899 
C. 1858 
C.1817 
0.1776 
0 .1736  

Y O  

0.6307 
C.6349 

C.6415 
C.6382 

0.6448 
C.6481 

C.6547 
0.6514 

0.6579 
C.6612 
C.6645 
0.6677 
0.6710 

F T I S E C  

C . l l l 6 E  C5 
O.1213E 0 5  
0.1312E C5 
0 .1413E  05  
0.1516E C5 
0.1620E 0 5  
0.1727E 0 5  
0 .1837E  05  
C.1949E C5 
0.2063E 0 5  
0.2181E  05 

- . - .-  .- .J 

-0 .0136 
0.2865 -0.0012 
0.2629 

0.3724  0.0442 
0.3413 0.0274 
0.3126 0 .0123  

0.0826 0.4390 
0.0626 0.4053 

0.1036 0.4723 
0 .1251  0 .5043 
0 .1469  0 .5345 
0 .1686  0.5626 
0 .1901  0.5887 
0.2036  0 .6044 -~ . . ~~ "~ 

1.05C 

1.292 
1.182 

1.407 
1.526 

1.781 
1.650 

1.918 
2.064 
2.218 
2.385 
2.565 
2.755 
" 



TABLE 11.- REAL-GAS SOLUTIONS FOR A I R  - CONTINUED 

A L T I T U C E  = 250 .000  F T  

~~ 

VELCCITY = 45,OCC  FTlSEC 

-. - 1 SHOCK SHAPE B O G Y   D A T A  
.. . .. ~ 

V 

FTlSEC 

0. 
0 . 4 4 9 8 E   0 3  
0 . 8 9 9 3 E   0 3  
0 .1350E  04  
C.1804E 0 4  
0.226OE  04 
0 .2720E  04  
0 .3182E  04  
0.3648E C4 
0 .4119E  04  
C.4594E  04 
0.5074E C4 
C.5574E C4 
0.6061E 04  
C.6551E C4 

0.7558E C4 
0 .8077E  04  
C.8598E 0 4  
0 .9129E C4 
0.S670E C4 
O.102IE 05  
C.1077E  05 
0 .1132E  05  

.. " .~ . 

0 . 7 0 4 8 ~   c 4  

" "- 

R H O  

SLUGlCU F T  

C. 1465E-05 
C.1463E-05 
C. 1459E-05  
c. 1453E-05 
0.1444E-05 

- ____ 

P H I  

R P C  

C. 
0 .0278  
0.0555 
0.0834 
0 . 1 1 1 3  
0 .1392  
0 . 1 6 7 3  
0 .1955  
0 .2239  
C.2525 
0 .2812  
0 .3103  
0 .3396  
0.3692 
0 . 3 9 9 1  
0 .4295  
0 .4602  
0 .4915  
0 .5233  
0 .5556  
0 .5887  
0 .6224  
C.6569 
0 . 6 9 2 3  

" 

HT E R R O R  X 8  Y 8  n X6 P 

LElSC FT 

O.1528E 0 3  
0 . 1 5 2 6 E   0 3  

. " .. ". . " 

0. 
O.CC04 
O.CC16 
O.CO35 
O.CC62 
O.CO97 
0.C13S 
0.c190 
0.C249 
0 . 0 3 1 7  
0.C393 
0.C478 
0.C571 
0.C674 
0 . 6 7 8 1  
0.0909 

0 .1165  
0 .1042  

0.134C 
0 .1506 
C. 1 6 8 5  
0 .1876  
0.2C82 
0.230 I 

C. 
0 .0278  
0 .0555  
0 .0833  
c.1110 
0.1388 
0.1665 
C. 1 9 4 3  
c .2220 
0 .2498  
0.2776 
C.  3 0 5 3  
C.3331 
0.3608 
0.3886 
C.4163 
0 . 4 4 4 1  
0 . 4 7 1 9  

0.5274 
C.4996 

C.5551 
0 .5829  
C . t l 0 6  
C.6384 

~. - "" 
0. 
0.042 
0.083 
0.125 
0.167 
0 .209  
0 . 2 5 2  
0.295 
0 .338  
0.382 
0 . 4 2 6  
0 .471  
0 .519  
0.565 
0.611 
0 .659  
0 .707  
0 .757  
0.8OM 
0 . 8 6 0  
0 . 9 1 3  
0 .968  
1 .024  
1 .079  

-0.COO7 
-0.0007 
-0.0006 

-0.0435 

-0 .0379  
-0 .0421  

-0 .0309  
-0 .0211  
- 0 . 0 0 8 3  

0 . 0 0 7 5  

0 . 0 4 8 5  
0.0264 

0 .0740  
0 . 1 0 3 1  
0 .1358  
0 .1724  
0 . 2 1 3 1  
0 . 2 5 8 2  
C.3078 
0 . 3 6 2 3  
0 .4218  
0 .4867  

0 .6341  
0 .5574  

0 . 7 1 7 1  
0.8068 
0.9036 

0. 
0 . 0 5 5 5  
0.1110 
0 .1665  
0.2220 
0 . 2 7 7 6  
0 . 3 3 3 1  
0 .3886  
0 . 4 4 4 1  
0 . 4 9 9 6  
0 .5551  
0 .6106  
0.6661 

O.1522E 0 3  
0 . 1 5 1 4 E   0 3  
0 .1504E  03  
0 .1491E  03  
0 . 1 4 7 4 E   0 3  

-0.0005 
- 0 . 0 0 0 3  
-0.000 1 

0 . 0 0 0 2  
O.CO05 

0.1433E-05 
C. 1419E-05 

0.1455E 0 3  
0.1433E  C3 
0 . 1 4 0 8 E   0 3  

0 .1349E  03  
0 . 1 3 8 0 E   0 3  

0.1316E 0 3  
0.1279E 0 3  
0 . 1 2 4 1 t  0 3  
0 . 1 2 0 0 E   0 3  

0.1402E-05 
0.1383E-05 
C. 1362E-05 

0.0008 
0 . 0 0 1 3  

0 .1338E-05  
0.1311E-05 

0.0018 
0 . c022  

C. 1283E-05 
C. 1251E-05  
C.1217E-05 
C.  1181E-05  
C. 1143E-C5 
C.1103E-05 
C.1062E-05 

0 .0026  
0 . 0 0 3 3  
0 . 0 0 4 0  
C .  C04 7 
O.CO54 
0 . 0 0 6 0  
O.CO67 
0 .C076  
O.CO82 
0.0091 

0 . 7 2 1 7  
0 .7772  
0.8327 
0 .8882  
0 .9437  

0.115bE 03 
0 . l l l l E   0 3  
0.1064E 0 3  0 .9992  

1.0547 O . l O l 5 E   0 3  
0 .9641E  02  
0 . 9 1 2 b E   0 2  

0 .8077E  02  
0 .8605E  02  

0. lO l8E-05  
0.9735E-C6 
0.9272E-06 
0.8805E-06 
0.8325E-06 

1 .1 IC2  
1 .1658  
1 . 2 2 1 3  O.CO96 

O.Cl06 1 .2768  

l- 7"- S O N I C  

X8 

. [ N E  

YB 

F I E L O  C A T A  

P RHO 

S L b G / C U  F T  

0.8579E-Cb 
0.8759E-06 
0.8945E-06 
C.9156E-06 
0.9399E-C6 
0.9678E-06 
0.9999E-06 
0 .1037E-05  
C. 1080E-05 
0.1129E-05 
0.1188E-05 
0.1257E-05 
0.1340E-05 ~ _ _ _ _  

V 

FTlSEC 

0.1103E C5 
0.1224E 0 5  
0.1332E 05  
0 . 1 4 4 3 E   0 5  
0 .1557E  05  
0.1673E C5 
0 .1792E  05  
0.1913E 05  
0.2038E 0 5  

0 . 2 2 9 6 E   0 5  
C.2165E 0 5  

0 .2567E  05  
0 . 2 4 3 0 E   0 5  

0 .2556  
0 . 2 7 9 0  
0 . 3 0 5 1  
0 . 3 3 4 0  
0 .3655  
0 .3991  
0 .4336  
0 . 4 6 7 8  
0.50C7 
0 . 5 3 1 5  
0 .5598  
0 .5856  
0.5991 

C.6238 
C.6274 
0 . 6 3 0 6  
0 .6338  
C.6370 
C.6402 
0 .6434  
0.6465 
0.6497 
C.6528 
0.6560 
0 .6591  
0 .6623  

1 .050  
1 .172  

-0 .0137  
-0.0018 

0 . 0 1 1 4  
0 . 0 2 6 2  
0 .0427  

0.0808 
0.0610 

0.1019 
0 . 1 2 3 5  
0 . 1 4 5 4  
0 . 1 6 6 9  
0 . 1 8 7 9  
0.1995 

0.2998E-04 
0 .5977E-04  
0.9295E-04 
C.12SBE-03 
C.1707E-03 
0.2161E-03 
0 .2665E-03  
C.3225E-03 
0 .3849E-03  
0 .4545E-03  
0.5325E-03 

0 .2138  
0.2C97 
0 . 2 0 5 7  
0.2C17 
0 .1976  

0 .1896  
0 .1936  

0 . 1 8 5 t  
0.1816 
0 .1777  
0 . 1 7 3 7  

1 .283  
1.399 
1 .520  
1 .647  
1.779 

2.067 
1.919 

2 .223  
2.391 
2.572 
2 .768  

I 



S H O C K  S H A P E  
.- 

Y8 

_" - 
0 .  
0 . 0 4 8 6  
0 . 0 9 7 3  
0 . 1 4 5 9  

0 . 2 4 3 2  
0 .1946 

0 .2919 
0 .3405 
0 . 3 8 9 2  
0 . 4 3 7 8  
0 . 4 8 6 5  
0.5351 
0 . 5 8 3 8  
0 . 6 3 2 4  
0 . 6 8 1 1  
0 .7297 
0 . 7 7 8 4  
0 . 8 2 7 0  
0 . 8 7 5 7  
0 .9243 
0 .9729 

1 . 0 7 0 2  
1 . 0 2 1 6  

1 .1675 
1 .1189 

1 .2162 
1 . 2 6 4 8  
1 . 3 1 3 5  

.. . . - - I 

- - - . - - . - - . 
HT E R R O K  

. - -. ._ . . .. - 
o .coon  
0 . 0 0 0 8  
0 . 0 0 0 7  
O.CO07 
0.0006 
0.0005 
O.CO04 
o .co02 
0.0001 

-0.COO3 
-0.  c o o  1 

- C .  0 0 0 6  
- 0 . 0 0 0 9  
- 0 . 0 0 1 2  

-0.CO18 
- 0 . c o 1 5  

-0 .002 5 
-0 .0021 

-0 .0025 
- 0 . 0 0 2 9  
-0 .0035 
- 0 . 0 0 4 1  
- 0 . 0 0 4 5  
-0 .0049 
-0.0050 
- 0 . 0 0 5 3  
-0.0058 
-0 .0063 

- 

. -. - -. . . - - 

X 8  

"" 

- 0 . 0 7 3 1  
- 0 . 0 7 2 2  
- 0 . 0 6 9 2  
- 0 . 0 6 4 4  

- 0 . 0 4 8 7  
- 0 . 0 5 7 5  

- 0 . 0 3 7 8  
- 0 . 0 2 4 9  
-0 .0099 

0 . 0 0 7 2  

0 .0480 
0 .0265 

0 . 0 9 7 8  
0 . 0 7 1 7  

0 . 1 2 6 3  
0 .1573 

0 . 2 2 6 8  
0 . 1 9 0 7  

0 . 2 6 5 6  
0 . 3 0 7 1  
0 .3515 
0 . 3 9 8 9  
0 . 4 4 9 2  
0 .5027 
0 . 5 5 9 5  
0 . 6 1 9 5  
0 . 6 8 3 0  
0 . 7 4 9 9  

" . . . . . - 

. " 

RHO 

- 
SLUGICU F T  

0 .4728E-07 
0 .4725E-07 
0 .4716E-07 

0.4680E-07 
0.4701E-07 

0 .4653E-07 
0 .4620E-07 
0.4581E-07 
0 .4537E-07 
0 .4486E-07 
0.4430E-07 
0 - 4 3 6 8 E - 0 7  
0 .4300E-07 
0 .4228E-07 
0 .4149E-07 

0 .3976E-07 
0 .4065E-07 

0 .3881E-07 
0 .3780E-07 
0 .3675E-07 
0 .3565E-07 
0 .3451E-07 
0 .3330E-07 
0.3205E-07 
0 .3075E-07 
0 .2939E-07 
0 .2797E-07 
0 .2650E-07 

_____ 

Y B  M 

"" 

0 .  
0 . 0 3 6  
0 . 0 7 1  
0 .107 
0 .142 
0 . 1 7 8  
0 . 2 1 4  
0 . 2 5 1  
0.287 
0 .324 
0 . 3 6 1  
0 .399 
0 . 4 3 6  
0 .475 
0 . 5 1 4  
0.552 
0 .592 
0.632 
0 .673 
0 .715 
0 .758 
0.802 

0.892 
0 . 9 4 0  
0 . 9 8 9  
1 .041 
1.095 

0 .846 

"_ 

v 

F T l S E C  

0 .  
0 .1090E  03  
0 .2180E  03  
0 .3272E C3 
0 .4367E  03  
0 .5466E 0 3  
0 .6568E  03  
0.7674E  03 
0.8787E 0 3  
0.9905E  03 
0 .1103E  04  
0 . 1 2 l b E   0 4  
0.1330E  04 

0 .1562E  04  
0 .1678E  04  
0 . 1 7 9 4 E   0 4  
0 . 1 9 1 3 E   0 4  
0 .2036E  04  
0 .2159E C4 
0 . 2 2 8 2 E   0 4  
0 . 2 4 0 9 E   0 4  
0 .2538E  04  
0 . 2 6 6 9 E   0 4  
0.2805E  04 
0 . 2 9 4 4 E   0 4  
0 .3089E  04  
0 .3240E  04  

0 . 1 4 4 1 ~   0 4  

0 .  

0 . 0 0 1 2  
O.COO3 

0 . 0 0 2 7  
O.CO48 
O.CO74 
0 . 0 1 0 7  
0 . 0 1 4 6  
0 .C191 
0 .0242 
0.C300 
0. C364 
0 . 0 4 3 5  
0 . 0 5 1 3  
0.C598 
O.Cb89 
0 . 0 7 8 8  
0 .0895 
0 . 1 0 0 9  
0 . 1 1 3 2  
0 .1263 
0 .1402 
0 . 1 5 5 1  
0 . 1 7 1 1  
0.188C 
0 . 2 0 6 1  
0 . 2 2 5 4  
0 . 2 4 6 0  

c .  
C.0243 
0 .0486 
0 .0730 
C.0973 
0 . 1 2 1 6  
0 . 1 4 5 9  
0 . 1 7 0 3  
0 .1946 
0 . 2 1 8 9  
0 .2432 
C.2676 
0 . 2 9 1 9  
0 .3162 
0 .3405 
0 . 3 6 4 9  
0 .3892 
0 .4135 
0 . 4 3 7 8  
0 . 4 6 2 1  
0 .4865 
0.5108 
0 . 5 3 5 1  
0 .5594 
0 .5838 
0 . 6 0 8 1  
0 . 6 3 2 4  
0 .6567 

0 .  

0 .3625E-00   0 .2709  
0 . 3 6 8 3 E - 0 0   0 . 2 4 5 7  
0 .3735E-00 0 . 2 2 0 7  
0 .3782E-00 0 . 1 9 5 8  
0.3824E-OC 0 . 1 7 1 1  
0 .3861E-00  0 .1465 
0 .3891E-00   0 .1219  
0 .3917E-00 0.0975 
0 .3936E-OC  0 .0730 
0 .3950E-00  0 .0487 
0 . 3 9 5 9 E - 0 0   0 . 0 2 4 3  
0 .3961E-00 

0 .2962 
0.32  17 
0 .3475 
0 .3735 
0 .3997 

0 . 4 5 3 2  
0 .4263 

0 . 4 8 0 4  
0.5C80 
0 . 5 3 6 1  
0 .5646 
0 . 5 9 3 7  
0 .6233 
0 . 6 5 3 6  
0 .6847 
0 .7166 

0 .3562E-00 
0 .3494E-00 
0 .3421E-00 
0 .3344E-00 
0 .3262E-00 
0 .3175E-00 
0 .3083E-00 
O.2987E-00 
O.2887E-OC 
0 . 2 7 8 3 E - 0 0  
0 .2675E-00 
0 .2563E-00 
0 .2446E-00 
0 .2326E-00 
O.22OOE-00 
0 .2071E-00 

1 I SONIC  LINE - " 

M 

1.050 
1.145 

1 .277 
1 .210 

1 .345 
1 .414 
1 . 4 8 4  
1 .555 
1.627 
1 .699 
1.772 
I .  8 4 5  
1.917 

._ "_ - 

X 8  

. - . -. , - 

Y8 

" - "" 

RHO 

SLUGICU F T  

0 .2772E-07 
O.2845E-07 
0 .2897E-07 
0 .2954E-07 
0.3016E-07 
0 .3082E-07 
0.3154E-07 
0 .3229E-07 
0 .3310E-07 
0 .3394E-07 
0 .3483E-07 
0.3576E-07 
0 .3672E-07 

- I THETA V 

F T l S E C  

0 .3115E  04  
0 .3385E  04  
0 .3570E 0 4  

0 . 3 9 4 3 E   0 4  
0 .3756E  04  

0 . 4 1 3 3 E   0 4  
0 . 4 3 2 3 E   0 4  

0 . 4 7 0 6 E   0 4  
0 .4514E  04  

0.5088E 0 4  
0 .4897E  04  

0 . 5 4 6 6 E   0 4  
0 . 5 2 7 8 E   0 4  

- 0 . 0 2 1 4  
- 0 . 0 0 3 8  

0 . 0 1 4 4  
0 . 0 3 3 3  
0 . 0 5 2 8  
0 . 0 7 2 7  
0 . 0 9 3 0  
0 . 1 1 3 4  
0 . 1 3 3 7  
0 . 1 5 3 9  
0 . 1 7 3 6  
0 . 1 9 2 9  
0 . 2 1 1 6  . . - - - - - 

0.3525 
0 . 3 7 6 2  
0 . 4 0 0 4  
0 . 4 2 4 8  
0 .4493 
0 . 4 7 3 7  

0 .5205 
0 . 4 9 7 5  

0 .5423 
0 . 5 6 2 8  

0 . 5 9 8 9  
0.58  17 

0 . 6 1 4 6  - -. . -. - - - 

0.5361E-06 
0 .9322E-06 
0 .1359E-05 

C.2317E-05 
0.182OE-05 

O.2851E-05 
0 .3425E-05 
0 .4042E-05 
0 .4704E-05 
0 .5413E-05 
0 .6173E-05 
C.6985E-05 
"" 

" .... . "_ - . _. . .. . .  



TABLE  11.-  FWYL-GAS  SOLUTIONS FOR AIR - CONTIIJIED 

ALTITUDE = 300.000 FT V E L O C I T Y  = 15.000  FTlSEC 

BOCY  DATA S H O C K   S H A P E  

I . . -. - -. .. 

RHO 

-~ " 

SLUG/CU F T  

0.5563E-07 
0.5560E-07 
0.5550E-07 
0.5533E-07 
0.5509E-07 
0.5479E-07 
0.5442E-07 
0.5397E-07 
0.5346E-07 
0.5289E-07 
0.5227E-07 
0.5158E-07 
0.5079E-C7 
0.4990E-07 
0.4880E-07 
0.4783E-07 
0.4681E-07 
0.4572E-07 
0.4461E-07 
0 . 4 3 4 l E - 0 7  
0.4219E-07 
0.4098E-07 
0.3979E-07 
0.3869E-07 
0.3732E-07 
0.3S91E-07 
0.3438E-07 
0.3276E-07 
0.3105E-07 

- . . " - - - 

-. " . . - - 

x0 

0. 
0.0003 
0.COll 
0.0025 

0.0069 
O.OC44 

0.0099 
0.0135 
0.0177 
0.0224 
0.0277 
0.0337 
0.0402 
0.0474 
0.0552 
0.0637 

0.0828 
0.0729 

0.0934 
0.1047 
0.1169 
0.1297 
0.1435 
0.1580 
0.1734 
0.1896 
0.2069 
0.2251 
0.2445 

- 
Y E  

-~ 
0. 
0.0234 
0.0468 
0.0702 

0.1170 
0.0936 

0.1405 
0.1639 
0.1873 

0 .2341  
0.2107 

0.2575 
0.2809 
0.3043 

0 .3511  
0.3277 

0.3745 

0 .4214  
0.3979 

0.4448 
0.4682 
0.4916 

0.5384 
0.5150 

0.5618 
0.5852 
0.6086 
0.6320 
C.6554 

~. - "_ 
P H I  

R A C  - -. . . . "_ 
0. 
0.0234 
0.0468 
0.0703 

0.1173 
0.0938 

0.1409 
0 . 1 6 4 6  
0.1884 
0.2123 
0.2363 
0.2604 
0.2847 
0.3092 
0.3339 
0.3588 
0.3839 
0.4094 
0.4351 
0.4611 
0.4875 
0.5142 

0.5689 
0.5413 

0.5969 
0.6255 
0.6545 
0.6842 
0.7146 

~- " . .. 

P 

" . " " 
L w s a  FT 

0.8950E 00 
0.8944E O C  
0.8926E 00 
0.8896E 00 
0.8854E 00 
0.8799E 00 
0.8733E 00 

0.8564E 00 
0.8655E 00 

0.8461E 00 
0 . 8 3 4 6 E  00 
O.8219E 00 
0 . 8 0 8 l E  O C  
0.7930E 00 
0.7769E 0 0  
0.7595E 00  
0.7412E O C  
0 . 7 2 1 9 t  00 
0.7017E 00 
0.6806E 00 
0.6591E 00 
0.6372E 00 
0.6148E 00 
0.5922E 00 
0.5689E 00 
0.5444E 00 
0.5183E 00 
0.4906E-00 
0.4613E-00 

. - - - ", 

M 

0. 
0.035 
0.07C 
0.104 

0.174 
0.139 

0.210 
0.245 
0.281 
0.317 
0 .354  
0.391 
0.429 
0.467 
0.509 
0.547 

0.623 
0.585 

0 . 6 6 1  
0.697 

0.779 
0.819 
0.860 
0.901 
0 . 9 4 4  
0.990 
1.040 
1.093 

0.738 

" "" 

x8 I HT ERROR 

O.CO05 
0.0005 
0.0005 
0 .0004  
O.CO03 
0 .0003  
0.0003 
0.0005 
0.0005 
0.0001 

-0 .0009  
-0.0018 
-0.0014 

0.0004 
0.0075 
0.0073 

0.0068 
0.0071 

0.0055 
0 .0058  
C.CO55 
0 .0041  
0.0007 

-0 .0070  
-0 .006 7 
- 0 . 0 0 6 9  
-0 .0071  

-0.0079 
-0.0072 

" 

I 

0. 
0.1472E  03 
0.2944E  03 
0.4418E  03 
0.5896E  03 
0.7381E 03  
0.8875E  03 
0.1038E 04  
0.1189E 0 4  
0.1341E  04 
0.1494E 04 
0.1651E  04 
0.1809E  04 
0 .1969E  04  
0.2145E  04 
0.2304E  04 

0.2619E  04 
0.2462E 0 4  

0.2774E 0 4  
0.2926E 0 4  
0.3093E 0 4  
0.3258E 0 4  
0.3422E  04 
0 .3581E  04  
0.3748E 0 4  
0.3922E  04 
0.4106E 0 4  
0.4304E  04 
0.4513E 04  

-0 .0613 0. 
-0.0604 0.0468 
-0.0576 0.0936 
-0.0529 0.1405 
-0.0462 0.1873 

-0 .0271  0.2809 
-0.0377 0 .2341  

-0 .0146  0.3277 
0.0001 0.3745 
0.0169 0.4214 
0.0359 0.4682 
0.0572 0.5150 
0.0809 0.5618 
0 .1070  0.6086 
0.1358 0.6554 
0.1672 0.7023 
0 .2014  0.7491 
0.2385 0.7959 
0 .2787  0.8427 
0.3220 0.8895 

0 . 4 1 8 8  0.9832 
0.4725 1.0300 
0.5299 1.0768 
0.5913 1.1236 

0.7265 1.2173 
0.6568 1.1704 

0.8005 1.2641 
0.8792 1.3109 

0.3687  0.9363 

"" ". "" 

F I E L O  CATA 
____ - 

S O N I C  L I N E  

"-7" 1" 
LB/SQ  FT 

0.4852E-00 
0.4908E-00 
0.4962E-00 
0.5019E 00 

0 .5150E 00 
0.5082E 00 

0.5224E 00 
0.5303E 00 
0.5389E 00 
0.5482E 00 
0.5582E 00 
0.5691E 00 
0.5811E 00 

Y B  X8 Y B  I '  M I X B  T H E T A  

R A C  

0 . 8 8 8 6  

0 .8754  
0.8807 

0.8711 
0.8676 
0 .8648  
0.8624 

0.8584 
0.8603 

0.8566 
0.8548 
0.8530 
0.8514 

RHO 

S L U G I C U  F T  

0.3245E-07 
0.3303E-07 
0 .337 lE -07  
0.3453E-07 
0.3544E-07 
0.3646E-07 
0.3762E-07 

0.4046E-07 
0.3894E-07 

0.4228E-07 
0.4449E-07 
0.4730E-07 
0.5099E-07 _I."_.. 

0 .2287 

0.2164 
0 .2221  

0.2107 
0 .2050  

0.1937 
0 .1993  

0 . 1 8 8 1  
0.1824 
0.1768 
0.1713 
0.1657 
0.1602 

0.6364 
0.6418 
0.6464 
0.6511 
0.6557 
0.6603 
0.6649 

0.6740 
0.6695 

0.6786 
0.6831 
0.6876 
0.6921 ___ 

- 0 . 0 1 8 4  
-0 .0028  

0.0138 
0 .0314  
0.0500 
0.0697 
0 .0901  
0.1112 
0.1327 
0.1543 
0.1760 
0 .1971  
0.2104 

0.3142 
0 .3383  
0.3637 
0.3903 
0.4177 
0.4457 
0.4737 
0.5013 
0.5281 
0.5537 
0.5780 
0.6001 
0.6133 

0.5010E  04 
0.4703E 0 4  

0.5322E  04 
0.5644E 0 4  
0.5973E  04 
0.6311E  04 

0.7015E 0 4  
0.6658E  04 

0.7381E  04 
0.7759E  04 
0.8149E  04 
0.8557E  04 

73 



TABLE 11.- FLEAL-GAS SOLUTIONS FOR A I R  - CONTINUED 

ALTITUCE = 300 ,000  FT  VELCCITY = 20 ,000   FT lSEC 

~ 

B O C Y  DATA SHOCK SHAPE 

t4 Y B  

0. 
0.0227 
0.0453 
C.068C 
C. 0906 
0.1133 
0.1359 
0.1586 
0.1812 
0.2039 

0.2492 
0 . 2 2 6 5  

0.2718 
0.2945 
0.3171 
0.3398 
0.3624 
0.3851 
0.4077 
0.4304 
C.4530 
0.4757 
0.4983 
0.5210 

0.5663 
0.5436 

0.5889 
0.6116 
0.6342 

P H I  

RAD 

0. 

0.0453 
0.0227 

0.0907 

0.1363 
0.1135 

0.1592 
0.1822 

0.2285 
0.2053 

0.2518 
0.2753 
0.2989 
0.3227 
0.3467 
0.3709 
0.3953 
0 .4200  
0.4449 
0.4702 

0 .5217  
0.4958 

0 . 5 4 8 1  
0.5748 

0.6298 
0.6021 

0.6581 
0.6870 

o.o6no 

P 

LB ISC F T  

0.1605E 0 1  
0.1604E 01  
O.160lE 01  
0.1596E 0 1  
0.1588E 0 1  
0.1579E 0 1  
0.1568E 0 1  
0.1555E 0 1  
0.1539E 0 1  
0.1522E 01  
0.1503E 01 

0.1458E 0 1  
0.1482E 0 1  

0.1433E 0 1  
0.1406E 0 1  

0.1347E 01  
0.1377E 0 1  

0.1314E 0 1  
0.1280E 0 1  
0.1245E 0 1  
0.1207E 0 1  

0.1129E 0 1  
O . l l 6 9 E  0 1  

0.1087E 0 1  
0.1045E 0 1  
O. lOOlE 0 1  
0.9569E 00 
0.9114E 00 
0.8657E C C  

- . . 

RHO 

SLUGICU F T  

0.7363E-07 
0.7359E-07 
0.7346E-07 
0.7325E-07 
0.7295E-07 
0.7257E-07 
0.7210E-07 
0.7154E-C7 
0.7090E-07 
0.7018E-07 
0.6937E-07 
0.6848E-07 
0.6750E-07 
0.6644E-07 
0.6530E-07 
0.6407E-07 
0.6277E-07 
0.6140E-07 
0.5996E-07 
0.5846E-07 
0 . 5 6 ~ - 0 7  
0.5521E-07 
0.5349E-07 
0.5170E-07 
0.4987E-07 
0.4798E-07 
0.4604E-07 
0.4404E-07 
0.4203E-07 

.~ . . 

HT ERROR 

0.0001 
0.0001 
0.0001 
o.coo1 
0.000 1 
0.0001 
0.0001 
0.0001 
0.0000 

-0.000 1 
-0 .0002 
-0.0003 
-0.0002 
-0.0002 
-0.0000 
-0 .coo1  
-0.0003 
-0.0005 
-0.0008 
-0.co12 
-0.0014 
-0.0016 

-0 .co20  
-0.0017 

-0.002  3 
-0 .0025 
-0.0030 
-0. c o 3  1 
-0 .0037  

- - . . - " 

XE 

0. 
O.CC03 
0.COlO 
0.0023 
0.004 1 
0.0064 
O.CO93 
0 .0126  

0.0210 
0.0165 

0.0315 
0 .0260  

0.0376 
0.0443 
0.0516 
0.0595 

0.0772 
0 . 0 6 8 0  

0.087C 
0.0974 
O.lC86 
0.1205 
0 . 1 3 3 1  
0.1466 
0.1608 
0.1759 
0.1919 
0.2089 
0.2268 

V 

FTlSEC 

0. 
0.1667E  03 
0.3332E  03 
0.500OE 03 
0.6675E  03 
0.8357E  03 
0. 1005E  04 
0 .1174E  04  
0 .1345E  04  
0 .1516E  04  
0. 1688E 0 4  
O.1862E C4 
0.2037E C4 
O.2214E  04 
0.2397E  04 
0.2575E  04 
0.2754E  04 
0.2935E  04 
0 .3119E  04  
0.3308E  04 
0.3498E  04 
0.3689E  04 
0.3883E  04 
0.4080E  04 
0.428OE  04 
0.44R2E  04 
0.4689E  04 
0.4899E  04 
0 .5113E  04  

X 8  

-0 .0456 
-0.0465 

-0.0429 
-0.0383 
-0 .0319  
-0.0237 
-0.0135 
-0 .0014  

0.0127 
0.0288 
0.0470 
0.9674 
0.0899 
0.1148 
0.1421 
0.1718 
0.2042 
0 .2391  
0.2769 

0 .3612  
0.3175 

0.4079 
0 .4579  
0.5113 
0.5682 
0.6288 
0.6932 
0.7615 
0.8339 

- .~ 

Y O  

0. 
0 .0453 
0.0906 
0.1359 
0.1812 
0.2265 
0.2718 
0 .3171  
0.3624 
0.4077 
0.4530 
0.4983 
0.5436 
0.5889 
0.6342 
0.6795 

0 .7701  
0.7248 

0.8155 
0.8608 
0.9061 
0.9514 
0.9967 
1.0420 
1.0873 
1.1326 
1. 1779  
1.2232 
1.2685 

0. 
0.034 
0 .068  

0.136 
0.102 

0.171 
0.205 
0.240 

0.310 
0.275 

0.346 

0.418 
0.382 

0.454 
0.492 

0.567 
0.529 

0.605 
0.643 
0.683 
0.723 
0.764 
0.805 

0.891 
0.848 

0.935 
0.98C 
1.026 
1.074 

r ~" 

SONIC L I N E  
- .~ " .. . . 

F IELO C A T A  
.~ 

X 8  

-0 .0148 
-0.0024 

0.0111 
0 .0259  
0.0422 
0.0699 
0.0788 
0.0987 

0.1396 
0.1191 

0.1599 
0.1798 
0 .1991  

"_ 

P S I  

0. 
0 .1042E-05 
0.1774E-05 
C.258OE-05 
0.3466E-05 
0.4437E-05 
0.5499E-05 
C.6659E-05 

0.9311E-05 
C.7927E-05 

0.1082E-04 
0.1247E-04 
0.1428E-04 

" ___ 
Y B  

_ _ _ _  
0.2666 
0.2897 
0.3150 
0.3426 
0.3722 
0.4033 
0 .4351  
0.4666 
0.4969 

0 .5521  
0.5256 

0.5988 
0.5765 

RHO 

SLUG/CU FT 

0.4302E-07 
0.4403E-07 
0.4476E-07 
0.4559E-07 
0.4652E-07 
0.4756E-07 
0.4873E-07 
0.5005E-07 
0.5153E-07 
0.5319E-07 
0.5506E-07 
0 - 5 7 1 7 E - 0 7  
0.5954E-07 

Y B  

0.6231 
0.6287 
0.6322 
0.6357 

0 .6426  
0.6391 

0.6460 
0.6495 

0.6563 
0.6529 

0.6597 
C.6631 
0.6665 

THETA 

RAD 

0.9003 

0.8887 
0.8922 

0.8860 
0.8840 

0.8813 
0.8824 

0.8805 
0.8798 
0.8793 
0.8790 
0.8787 
0.8784 

P 

LBISC FT 

0.8883E 00 
0.8993E 00  
0.9072E 00  
0.9163E O C  
0.9266E 00 
0.9381E 00 
0.9510E 00 
0.9654E O C  
0.9813E 00  

O.1OlBE 0 1  
0.9989E 00 

0.1040E 01  
0.1063E 0 1  

X B  

0.2107 
0.2178 

0.2063 
0.2019 
0.1976 
0.1932 
0.1889 
0.1846 
0.1802 
0.1759 
0.1716 
0.1673 
0.1630 

V 

FTlSEC 

0.5007E  04 
0.5766E  04 
0.6237E  04 

0.7195E  04 
0 . t 7 1 4 E   0 4  

0.8171E  04 
0.7681E  04 

0.9163E  04 
0.8665E  04 

0.9663E 0 4  
O . l O 1 7 E  0 5  
0.1067E  05 
0.1117E 0 5  

1.050 
1.215 
1.320 
1.426 
1.535 
1.647 
1.762 

2.000 
1.879 

2.124 
2.252 
2.383 
2.517 
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TABLE 11.- REAL-GAS SOLUTIONS FOR  AIR - CONTINUED 

ALTITUOE = 300,000 FT VELOClTY = 25,OOC FT lSEC 

1 T BOCY DATA 

1 HT ERROR 

S H O C K  SHAPE 

-"_ L B I S C  F T   S L U G l C U  FT 

P H I  

R A O  

X 8  YB X 8  

0. 
0.0002 

o.co22 
0.c010 

O.CO39 
0.0061 

0.0120 
O.CO88 

0.0157 
0.0199 
0.0247 
0.0300 
0.0358 
0.0421 
0.0490 
0.0565 

0.0733 
0.0646 

0.0826 
0.0925 

0.1144 
0. 1031  

0.1390 
0.1263 

0.1524 
0.1667 
0. 1817  
0.1976 
0.2144 
0.2322 

YB 

0. 
0 .0221  

0.0663 
0.0442 

0.0884 
0.1105 

0.1547 
0.1326 

0.1768 
0.1989 

0.2431 
0.2210 

0 .2652  
0.2873 
C. 3094 
0.3315 

0.3757 
0.3536 

0.3978 
0.4199 
0.4420 
0.464 1 
C.4862 
0.5083 
0.5304 
0.5525 
C.5746 
0.5967 
0.6188 
0.6409 

V 

F T l S E C  

0. 
0.0221 

0.0663 
0.0442 

0.0885 
0.1107 

0.1553 
0.1330 

0.1777 
0.2002 
0.2228 
0.2455 
0.2684 
0.2914 
0.3145 
0.3379 
0.36 14 
0 . 3 8 5 1  
0.4091 
0.4333 
0 .4579  
0 .4827  
0.5078 
0.5333 
0.5591 
0.5854 

0.6394 
0.6122 

0.6672 
0.6955 

~~ 

0 .2518E 0 1  
0.2516E 0 1  
0.2512E 0 1  
0.2504E 01 
O.2493E 01  
0.2479E 0 1  
0.2462E 0 1  
0.2442E 0 1  
0.2419E 0 1  
0.2393E 01  
0.2363E 0 1  
0.2331E 0 1  
0.2296E 0 1  
0.2257E 01  
0.2216E 0 1  
0.2172E 0 1  
O.2125E 0 1  
O.2076E  01 
0.2024E 0 1  

0 .1913E 01  
0.1970E 0 1  

0.1854E 0 1  
0.1793E 0 1  

O. lbb5E 0 1  
0.1730E 0 1  

0.1600E 0 1  
0.1532E 0 1  
0.1463E 01  

0. 
0 - 0 3 3  
0.066 
0.100 
0.133 
0.167 
0 .200  
0.234 
0.268 

0.338 
0.303 

0 .373  
0.408 
0.444 
0.481 
0.518 
0.554 
0.591 
0.629 

0 .707  
0.747 
0.787 
0.829 
0 .871  
0.913 
0.957 
1.002 
1.047 
1.094 

0.668 

- 

I 0.0001 0. 
0.0442 
0.0884 
0.1326 
0.1768 
0.2210 

0. 
0.1885E  03 
0.3767E 03  
0.5652E  03 
0.7545E  03 
0.9447E 0 3  
0.1136E 04 
0.1328E 04 
0.1521E 04 
0.1714E 04 
C.1909E C4 
0.210bE 04 
0.2304E 04 
0.2504E 04 
0.2711E 04 
0.2913E 04 
0.3116E 04 
0.332OE 04 
0.3528E 04 

0.3956E 04 
0.3740E 04 

0.4171E 04 
0.438RE 04 

0.4832E 04 
0.4608E 04 

0.5058E 04 
0.5286E 04 
0.552OE  04 
0.5756E 04 
0.599RE 04 

0.8713E-07 
0.8708E-07 
0.8694E-07 
0.8670E-07 
0.8636E-07 
O.8593E-07 
0.8540E-07 
0.8477E-07 
0.8405E-07 

0.8231E-07 
0 - 8 3 2 3 E - 0 7  

0.8131E-07 
0.8021E-07 
0.  7901E-07 
0.7775E-C7 
0.7635E-07 
0.7486E-07 
0.7327E-07 
C.7159E-C7 
0.6985E-07 
0.6803E-07 
0.6614E-07 
0.6420E-C7 

-0.0392 
-0.0383 
-0.0356 
-0.0312 
-0.0250 
-0.0169 

0.0001 

0.0001 
0.0001 

0.0001 
o.cooo 

-0.0070 
0.0049 

0.2652 
0.3094 -0.0000 

0.0000 

-0.0000 
-0.0000 
-0.000 1 
-0 .0003  
-0.0005 
-0.0006 
-0 .0012  
-0.00 12  
-0.00 L O  
-0.000 7 
-0 . coo4  
-0.0004 
-0 .0002  

-C.CCO9 
-0.0005 

-0 .00 1 5  
-0.00 12  

-0 .co19  

-0.0025 
-0. c o 2  1 

0.0186 

0.0522 
0.0344 

0 .0722  
0.0944 
0 . 1 1 8 8  
0.1456 
0 .1149  
0.2068 
0.2413 

0.3536 

0.4420 
0.3978 

0.4862 
0.5304 
0.5746 
0.6188 
0.6629 

0.7513 
0 .7071  

0.2786 
0 .3188  

0.7955 
0 .8397  

0.3620 
0.4084 
0.4581 

0.n839 
0 .9281  
0.9723 
1.0165 
1.0607 
I .  1049 
1 .1491  
1.1933 
1.2375 
1.2817 

0.5112 
0 .5679  
0.6283 

0.7610 
0.6927 

0 .6218E-07  
0.6008E-07 
0.5794E-07 

0.5348E-07 
0.5573E-C7 

0.1393E 0 1  
0.1322E 0 1  

0.5116E-07 
0.4882E-07 

0.8336 
0.9105 

F I E L D  C A T A  I S C N l C  L I N E  

x c  Y R  RHO 

S L U G l C U  F T  

H Y 8  THETA 

HAC 

0.9056 
0.8993 
0.8965 
0.8145 

V 

FTlSEC 

0.5710E C4 

0 .7338E 04 
0 . t707E C 4  

0.7979E 04 
0 . 8 6 2 8 ~  04 

0.9954E  04 
0.92R6E 04 

0.1063E  05 
0.1132E 0 5  
0.1201E  05 
0.1271E 05  
0.1342E 0 5  
0 .1413E  05  

P 

L R l S O  F T  

0.1389E 0 1  

0.1413E 0 1  
0.1402E 0 1  

0.1426E 0 1  

0.5 102E-C7 
C.521YE-C7 
0 .5308€-07  
0.5413E-07 

0.24C9 0.2154 

0.2C62 
0.2099 

0.2C26 
0.1989 

0 .1916  
0.1953 

0.1880 
0. 1844 
0.1808 
0.1772 
0.1736 
0.1700 

C.6200 

0.6272 
C.6244 

0 .6301  
0.6330 

0.6387 
0.6358 

0.6415 
0.6444 
0.6472 
0.6501 
0.6529 
0.6557 

1.05L) 

I .  352 
1.229 

1.478 
1.604 

1.882 
1.743 

2.026 
2.176 
2.332 
2.493 
2.662 
2.836 

-0 .0127  
0.2635 
0 . 2 f l Y O  
0.3176 
0.34Sl 

0.4180 
0.4531 

0.5185 
0.4868 

0.5477 
0.5744 
0.5986 

0 .3829  
0.8930 
0.8919 

0.1441E 0 1  
0.1458E 0 1  

C. 5532EFC7 
0.5669E-C7 

0.8912 
0.8908 
0.8906 

0.1477E 0 1  
O.1499E 0 1  
O.1524E 0 1  

0.5825E-07 
0.6004E-07 
0.6209E-07 
0.6444E-07 
0.6714E-07 

0.8905 
0.8905 
0.8905 
0.8906 

0.1553E 0 1  
0.1585E 0 1  
O.1622E 0 1  
0.1663E 01 

0.7023E-07 
0.7376E-07 
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TABU 11.- W - G A S  SOLUTIONS FOR AIR - CONTINUED 

ALTITUDE = 300 .000  FT VELOCITY = 30,OCC F T / S E C  

- - _ _ ~  

0 .  
O.CC04 

0.3484  3.C628 
C.3216  0.C532 
0 .2948 0 .C445 
0 . 2 6 8 0   0 . 0 3 6 7  
0 . 2 4 1 2   0 . 0 2 9 6  
0.2144  0.C234 
0 . 1 8 7 6   0 . 0 1 7 9  
0 . 1 6 0 8  0 . 0 1 3 1  
0 . 1 3 4 0  O.CO91 
C. 1 0 7 2  O.CO5B 
0.08C4 O.CC33 
C.0536 O.CC15 
0 . 0 2 6 8  
C .  

0 . ~ 7 3 1  

0 . 4 5 5 6  n .  I C 9 9  

0 . 4 0 2 ~  0 . 0 8 4 5  
0 .3752 

0 .C967 0 . 4 2 8 8  

0 .1242   0 .4824  
0 .1395 
0.155'1 

0 . 5 0 9 2  

C.5896  0 .1924 
C . 5 6 2 8   3 . 1 1 3 5  
C.5360 

V 

FT lSEC 

0 .  
0.289'4E 0 3  

O.8688E 0 3  
0 .5792E 0 3  

0 . 1 4 5 0 E   0 4  
0 . 1 1 5 9 E   0 4  

0 .1741E  04  
0 . 2 0 3 5 E   0 4  

0 . 2 6 3 0 E   0 4  
0 . 2 3 3 1 E   0 4  

0 .2931E 0 4  
0 . 3 2 3 4 E   0 4  
0 .3541E 0 4  
0 . 3 8 5 3 E   0 4  
0 .4190E  04  
0 . 4 5 0 4 E   0 4  
C.4820E C4 
0 . 5 1 4 0 E  0 4  
0 . 5 4 6 J E   0 4  
0 .5819E  04  

0 . 6 4 9 5 C   0 4  
0 .6154E C4 

0 .7183E 0 4  
0 . 6 8 3 6 E  0 4  

0.7531E  C4 

a c c y  D A T A  T __- 

Pt- 1 

R A C  

0 .  
0 . 0 2 6 8  
0 . 0 5 3 6  
0 . 0 8 0 5  
0 . 1 0 7 4  
0 .1344 
0 . 1 6 1 5  
0 .1887 
0 . 2 1 6 1  
0 .2436 
0 . 2 7 1 3  
0 . 2 9 9 3  
0 . 3 2 7 4  
0 . 3 5 5 9  
0 . 3 8 4 6  
0 .4137 
0 . 4 4 3 2  
0 . 4 7 3 1  
0.5C34 
0 . 5 3 4 3  
0 . 5 6 5 7  
0 . 5 9 7 8  
C.63C6 
0 . 6 6 4 2  
0 . 6 9 8 b  

P 

L B / S S  F T  

0.3617E 0 1  
0 .3614E 0 1  
0 .3604E 0 1  
0 . 3 5 8 7 E  0 1  
0 .3564E 0 1  
0 . 3 5 3 3 E  0 1  
0 . 3 4 9 7 E   0 1  
0 .3454E 0 1  
0 .3404E 0 1  
0.3348E 0 1  
0.3285E 0 1  
0 . 3 2 1 5 E  0 1  
0 . 3 1 4 0 E  0 1  
0 . 3 0 5 8 E   0 1  

0 .2877 '  0 1  
0 . 2 9 7 1 E   0 1  

0 . 2 7 7 8 t   0 1  
0 . 2 6 7 4 E   0 1  
0 . 2 5 6 5 E  0 1  
0 . 2 4 5 3 E  0 1  

0 . 2 2 1 8 E  C l  
0 . 2 0 9 8 E  0 1  
0 . 1 9 7 7 E  0 1  
0 .1854C 0 1  

0 . 2 3 3 7 ~  c 1  

RHO 

S L U G / C U  FT 

0.8040E-C7 

0 . 8 0 1 4 E - 0 7  
0 . 8 0 3 4 E - 0 7  

0 . 7 9 8 3 E - 0 7  

0 . 7 8 8 7 E - 0 7  
0.7941E-C7 

0 . 7 8 1 9 E - 0 7  

0 .7634E-07 
0 .7734E-07 

0 .7527E-07 
0 .7419E-07 
0 . 7 3 0 0 E - 0 7  

0 . 6 9 9 2 E - 0 7  
0 .7159E-C7 

0 .6802E-07 
C.6623E-07 
C.6438E-C7 

0 .6042E-07 
0 . 6 2 4 4 E - 0 7  

C.5815E-07 
C.5595E-C7 
0 . 5 3 6 3 E - C 7  
C.5130E-07 
0 . 4 8 8 9 E - 0 7  
C. 4648E-C7 

H 

0 .  
0 . 0 4 0  

0.119 
0 . 0 7 9  

0.198 
0 . 1 5 8  

0 . 2 3 8  
0 . 2 7 8  
0.319 
0 . 3 h 0  
0.4C2 
0 . 4 4 4  

0 . 5 3 0  
C.486 

0 . 5 7 6  
0 . 6 2 1  
C.665 
0 . 7 1 1  
0 . 7 5 8  
C.809 

o.3on 
c . 8 5 8  

0 . 9 5 9  
1 .012 
1 . 0 6 7  

u r  E R R C R  

- 0 . 0 0 0 1  
-0.0001 

- 0 . c 0 0 0  
- 0 . 0 0 0  1 

- 0 . 0 0 0 1  
-0 .0002 
- 0 . c o o 2  

o . c o 0 2  
o.coo9 
0 . 0 0 1 1  
0 . 0 0 0 3  

- c . c 0 0 7  
-C.C007 

0 . 0 0 0 4  
0.0030 
O.CO30 
C.CO26 
0.00113 
o . c o 1 0  
o . c o 1 9  

C.CO06 
c . c o 1 0  

- 0 . 0 0 0 4  
-0.OOlC 
- c . c 0 2 5  

x B  I y R  

Y 

F T / S E C  

0.7426E  C4 
0.8507E  C4 
0.9268E  C4 

0 .1089E C5 
0 .  IOO6E 0 5  

0 . 1 1 7 6 E   0 5  
0 . 1 2 6 7 E  0 5  
0 .1360E C5 
0 .1458E  05  
0 . 1 5 5 8 E   0 5  
f l . 1 6 6 l E   0 5  
0 .1766E  05  

F "_ 

T l l E  I A  

R A C -  

0 . 8 8 6 4  
0.8801 

0 . 8 7 5 3  
0 . 8 7 7 3  

0 . 8 7 4 0  
0 . 8 7 3 2  

0 . 8 7 2 9  
0 . 8 7 2 9  

0 . 8 7 3 3  
0.8738 

0 .8752 
0 .8745 

" 

.c C A T A  

P 

" 
L B / S C  F I  

0.1891E 0 1  
0.1912E 0 1  
0 . 1 9 2 9 E  0 1  
0 .1949E 0 1  
0 .1973E  01  
0 . 2 0 0 1 E   0 1  
0 .2034E 0 1  
0.20731: 0 1  
0 .2119E 0 1  
0 .2173E 0 1  
0.2237E 0 1  
0 .2313E 0 1  

RHO 

S L U G I C U  F T  

C.4721E-07 
0 .4975E-07 
C.5159E-07 
0 .5365E-07 

0 .5843E-07 
0.5591E-C7 

0 .6131E-07 
0 .6463E-07 
0 .6847E-C7 
0 .7286E-07 
0 . 7 7 8 6 E - 0 7  
0 .8372E-07 

~~ 

1 
H I 

T 

SHOCK SHAPE 1 
X 8  

- 0 . 0 4 1 0  
- 0 . 0 3 9 7  

- 0 . 0 2 8 9  
- 0 . 0 3 5 6  

- 0 . 0 1 Y 4  
- 0 . 0 0 7 1  

O.OC81 
0 . 0 2 6 3  

0 .0721 
0 . 0 4 7 6  

0 . 1 3 1 4  
0 .1000  

0 . 2 0 5 4  
0 . 1 6 6 4  

0 . 2 9 5 7  

0 . 4 0 4 1  
0 . 3 4 1 5  

0 . 4 6 5 7  
0 . 5 3 2 6  

0 . 6 8 3 5  
0 . 6 0 5 1  

0.76UO 

0 .2484 

0 . 8 5 9 0  

Y B  

0 . 0 5 3 6  
0 .  

0 . 1 0 7 2  
0 .16C8 
0 . 2 1 4 4  
0 . 2 6 8 0  
0 . 3 2 1 6  
0 . 3 7 5 2  
0 . 4 2 8 8  
0 . 4 8 2 4  
0 . 5 3 6 0  
0 .5896 

0 . 6 9 6 7  
0 . 6 4 3 1  

0 . 8 0 3 9  
0 . 7 5 C 3  

0 . Y l l l  
0 . 8 5 7 5  

0 . 7 6 4 7  
1.0183 

1 . 1 2 5 5  
1 . 0 7 1 9  

1 .1791 
1 .2327 

SON I ( 

X 8  

__- 

- 0 . 0 1 1 4  
0 . 0 0 0 6  
0 . 0 1 4 2  

0 . 0 4 8 2  
0 .0300  

0 . 0 6 8 9  
0 .0917 
0 . 1 1 5 7  
0.1399 
0 . 1 6 3 8  
0 . 1 8 6 8  
0 . 2 0 7 9  

. I  

T 
Y E  

0 . 2 7 5 1  
0.25C4 

0 . 3 3 5 6  
0 . 3 0 3 4  

0 . 3 7 1 6  
0 . 4 1 0 4  
0.45CO 
0.4884 
0 . 5 2 4 2  
0 .5566 
0 .5856 
0 .61C3 -1 



TABLE 11.- REAL-GAS SOLUTIONS  FOR  AIR - CONTINUED 

1 ~~ 

S H O C K  SHAPE E O C Y  DATA 

X 8  YE V 

FTISEC 

P H I  

R A C  

P 

L B l S C  F I  

X 8  YE RHO 

S L U G I C U  FT 

C.8033E-07 
0 .8026E-07 

0 .1971E-07 
0 .7923E-07 
0 .7861E-07 
0 .7784C-07 
0 .1691E-07 
0 .7585E-C7 
0 .7468E-07 
0 .7340E-07 
0 .  7 1 9 l E - 0 7  

0 . 6 8 7 3 E - 0 7  
0 . 7 0 5 3 E - C l  

0 .6683E-07 
C . 6 4 8 l E - 0 7  
C.6269E-C7 
0 .6057E-07 
0 .5838E-07 
0 .5607E-07 
0 . 5 3 7 0 E - C l  
0 . 5 1 2 l E - 0 7  
0 .4860E-07 
0 .4591E-07 

C . B C O ~ E - O ~  

HT E R R O R  

o . c o o 1  
0.0001 
0.0001 

-0 .000  1 
0.c000 

-0 .  c o o  1 

O.CO03 
0 . 0 0 0 0  

0 . 0 0 0 2  
0 . 0 0 0 5  

-0 .0006  
-0.0015 
- 0 . 0 0 4  3 
-0.0039 
-0 .003  I 
-0 .  ,202 I 
-C. COO9 
-0.0009 
-0.0010 
- 0 . c o c o  
- 0 . c o o 2  

0 . 0 0 0 2  
0 . 0 0 0 2  

- 0 .  c o o 0  

H 

0 .  
0 .041 
0.083 
0 .124 
0 . 1 6 6  
0 .2C8 
0 . 2 5 1  
0 .294 
0 . 3 3 1  
0 .381  
0.426 
0 .472 
0 . 5 2 1  
0 . 5 6 8  
0 . 6 1 5  
0 .662 

0 . 7 5 8  
C.710 

0 . 8 0 7  
0 .856 

0.960 
0 . 9 0 7  

1 .017 
1 . 0 7 6  

- 0 . 0 4 2 2  

-0 .0297 
-0.0367 

-0.0198 
- 0 . 0 0 7 1  

0.OCHR 
0 . 0 2 7 7  
0 . 0 5 0 0  
0 . 0 7 5 6  
0 . 1 0 4 9  
0.1380 
0 . 1 7 5 1  
0 . 2 1 6 4  
0 . 2 6 2 2  
C.3128 
0 . 3 6 8 4  
0 . 4 2 9 3  
0 . 4 9 5 9  
0 . 5 6 8 5  
0 . 6 4 7 4  
0 . 7 3 3 1  
0 .  8 2 5 8  
0 . 9 2 6 0  

-0.0408 
0 .  

O.CO15 
0 .0004  

O.CO35 
O.CC61 
O.CC9b 
O . C l 3 9  
0 .C190 
0 . 0 2 4 d  
0.0316 
0.C391 

0 . c 5 7 c  
0 .C476 

O.Ch73 
0 .C785 

0 .1c4  1 
0.C90M 

0.llH5 

0 .  1 5 0 6  
0 . 1 6 8 3  

o . z c 7 5  
0 . 2 2 9 1  

n .  1340  

0 .  1 8 7 3  

C .  

0 . 0 5 5 4  
0 .0277 

0 . 0 8 3 1  
c .  1 1 0 8  
0.1385 
0 . 1 6 6 2  
C. 1 9 3 9  
C.2217 
0 .2494 
0 . 7 7 7 1  

C. 3 3 2 5  
0 .3602 
0.  3 8 7 9  
0 . 4 1 5 6  
c.  44  33 
0 . 4 7 1 0  
0 .4987 
0 . 5 2 6 4  
C . 5 5 4 1  
0.5818 
0 .4095  
0 . 6 3 7 2  

0 . 3 0 4 8  

0 .  

C.6884E 0 3  
0 .3443E 0 3  

0 .1034E 0 4  
0 . 1 3 8 1 E  0 4  
0 . 1 7 3 2 E  0 4  
C.20R5E 0 4  
0 . 2 4 4 1 E  0 4  
0 . 2 7 9 9 E   0 4  
0 . 3 1 5 9 E  0 4  
0 .3525E 0 4  
0 .3898E 0 4  

0 . 4 6 6 8 E  0 4  
0 .5047E 0 4  
0 . 5 4 2 l E  0 4  
C.5806E C 4  
O.6186E 0 4  
0 .6566E 0 4  

0 .7342E 0 4  
0 .6952E 0 4  

0 .7746E 0 4  

0 . 4 2 8 8 ~  04 

n . 8 1 7 2 ~  0 4  
0 . 8 6 1 2 E  0 4  

0.  

0 . 0 5 5 4  
0 .0277 

0 . 0 8 3 2  
0.1111 
0.1390 
0 . 1 6 7 0  
0 . 1 9 5 2  
0 . 2 2 3 5  
0 . 2 5 2 0  

0 . 3 0 9 7  
0 . 3 3 9 0  

0 . 3 9 8 4  
0 . 4 2 8 8  
0 . 4 5 9 5  
0 .4907 
0 .5225 
0 . 5 5 4 8  
0 . 5 8 7 1  
0 . 6 2 1 3  
0 . 6 5 5 6  
0 .  6 9 0 8  

0.2807 

0 . 3 6 8 5  

0 .4923E 0 1  

0.4904E 01 
0.4918E 0 1  

0.4880E 0 1  
0.4846E 0 1  
0 . 4 8 0 3 E  0 1  
0.4751E 0 1  
0.4688E 0 1  
0.4616E 0 1  
0 . 4 5 3 5 E  0 1  
0.4444E 0 1  

0.4234E 0 1  
0 . 4 3 4 4 E  0 1  

0 . 4 1 1 5 E  0 1  
0.3990E 0 1  
0 . 3 8 5 8 E  0 1  
0.3720E 01  
0.3579E 0 1  
0.3434E 0 1  
0.3284E 0 1  
0.3128E 0 1  
0 . 2 9 6 7 E  0 1  
0.2797E 0 1  
0.2623E 0 1  

0. 
0 . 0 5 5 4  
0.11C8 
0 . 1 6 6 2  
0 . 2 2 1 7  
0 .2771 
0 . 3 3 2 5  
0 . 3 8 7 9  
0 . 4 4 3 3  
0 . 4 9 8 7  
0 . 5 5 4 1  

0 . 6 6 5 0  
0 .6095 

0 .7204 
0 .7758 
0 . 8 3 1 2  
0 . 8 8 6 6  
0 . 9 4 2 0  
0.99 '4  
1 .0528 
1 .  L O A 3  
1.1637 
1 . 2 1 9 1  
1 .2745 

r SONIC  LINE F I E L D  C b T A  

V 

F T I S E C  

H 1 P S I  X B  X R  V 8  I p  Y O  

0 . 2 1 4 3  
0 . 2 5 1 1  

0 .  3002 
0 . 3 2 9 0  
0 .  3604 
0 . 3 9 4 0  
0 . 4 2 8 6  
0 . 4 6 3 5  
0 . 4 9 7 7  
0 . 5 3 0 3  
0.5606 
0 . 5 8 8 2  
0 . 6 0 1 5  

RHO 

SLCIGICU F T  

0.4708E-07 
0 .4785E-07 
0 .4874E-07 

0 .5096E-07 
0.4 '371E-07 

0 . 5 2 3 l E - 0 7  
0 .5403E-07 
0 .5606E-07 
0 . 5 8 6 5 E - 0 7  

0 .6713E-07 
0 .7415E-07 
0 . 8 3 2 8 E - 0 7  

0 . 6 2 ~ 8 ~ - 0 7  

rHETA 

H b C  

0 . 9 0 5 7  
0.9CC7 
0 .8974 
0 .R948 
0 . 8 9 2 9  

0 . 8 9 0 7  
0 . 8 9 1 6  

0.89CO 
0 . 8 8 9 6  

0 . 8 8 8 9  
0 . 8 8 9 3  

0 . 8 8 8 5  
o . a a 8 o  

L B I S C  F T  

0 .2716E 0 1  
0 . 2 1 3 7 E  0 1  
0 . 2 1 6 0 E  0 1  

C.2176 
0.2156 
0 . 2 1 1 7  

0 . 2 0 3 9  
0 . 2 0 7 8  

0 . 2 c o o  
0 .  I 9 6 1  
0 .  I 9 2 2  
0 .  1 8 8 4  

0 . 1 8 0 6  
0 . 1 8 4 5  

0 . 1 7 6 8  
0 . 1 7 3 0  

C.6253 
C.62R5 
9 . 6 3 1 5  
0 . 6 3 4 6  
C.6377 

0 . 6 4 3 8  
C.6407 

0 . 6 4 6 8  
0 . 6 4 9 9  
0 . 6 5 2 9  
0 . 6 5 5 9  
C.6589 
0 . 6 6 1 9  

0 . 8 4 Z O E  0 4  
0 . S 2 R O E  0 4  
0 .1013E 0 5  
O . 1 l O l E  0 5  
0 . 1 1 Y O E  0 5  

0 . 1 3 7 5 E   0 5  
0 .1282E 0 5  

0 . 1 4 7 1 E  0 5  
0 . 1 5 7 0 E   0 5  
0 .1612E  05  
O . l l T 9 E  0 5  
0.1894E 0 5  
0 .2017E 0 5  

- 0 . 0 1 3 4  
-0 .0018  

0.0111 
0 . 0 2 5 5  
0 . 0 4 1 7  

0 . 0 7 9 4  
0 . 0 5 0 1  

0 . 1 0 0 5  
0 . 1 2 2 1  

0.1681 
0 . 1 4 5 4  

0 . 1 9 0 2  
0 . 2 0 1 5  

0 .2786E 01 
0 . 2 8 1 7 E  01  
0.2852E 0 1  
0.2893E 0 1  
0.2939E 0 1  
0.2992E 0 1  I 0 . 3 0 5 4 6  0 1  
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TABLE 11.- REAL-GAS SOLUTIONS FOR  AIR - CONTINUED 

ALTITUCE = 3 0 0 , C C O  FT  VELCCITY = 40,CCC F T l S E C  

~ " _ _ _ . ~ ~ ~ ~  " 

E C C Y  C A T A  SCOCI( S H A P E  -" 
RHO 

SLUGICII F T  

C.E5CEF-C7 

c . e 4 7 9 c - c 7  
C.8443E-C7 
C.b392E-C7 
Ca8327E-C7 
C.8247E-C7 
C.8152E-C7 
C.8C43C-C7 
C.7919E-C7 
C.77811:-07 
C.7629E-07 
C .  7464E-C7 

C.7C87t-C7 
C. 7 2 8 1 E - 0 7  

C.6881E-C7 
C.tC63E-C7 
C.6431E-C7 
C.6191E-C7 
C.5137E-07 
C.5681E-C7 
C.5420E-C7 
C.5161E-C7 
C.4900E-07 

C . ~ ~ O I E - C ~  

Y O  V 

F T l 5 F C  

P C  I 

R A C  

Y C T  E R R C R  X 6  xf? 

c. 
0. CC04 
o . c c 1 5  
O.CC34 

( ' . C C Y t  
0.CC6l 

O.C l88  
C.C247 
C.C313 

0 .c13e 

c .c38e 
0.C472 
c . c 5 t 5  
O.Ct67 
C.C778 
C.CBY5 

C.1172 
C.  IC3C 

0 .1325 

C .  1854 
C. I C t 5  

C.2C56 
0 .2272 

c .  14n9 

P 

L c l s c  F T  

0. t43SE C I  

0 . 6 4 1 4 t   0 1  
0.6432E C 1  

0.63H31: 0 1  
0 . t33SE Cl 
0 . 6 2 8 4 E   0 1  
C.6215C C 1  
0.6135E G I  
0 . 6 0 4 2 ~  0 1  
0.5937C C 1  
0.582CE C 1  
0 .56YlE C 1  
r . 5 5 5 1 ~  c 1  
0.53Y9E C 1  
0.5237C 0 1  
C . 5 0 6 5 t   0 1  
C.48d4t  C I  
0.4692E C 1  
0.44S5E C I  

0.4CRlE C 1  
0 . 4 2 9 0 E   0 1  

0.38hSt C1 
0.366CE C 1  
0.3452E 0 1  

C. 

C.C552 
C.C276 

C.CB2B 
C.llC4 
C.138C 
C.  1 6 5 6  
C.  1 9 3 2  
C.2208 
C.2484 
C.276C 
C.  3036 
C.3312 
C. 3 5 8 8  
C. 3 8 6 4  
c.414c 
C.4416 
C.4692 
C.4968 
C.5244 
C.552C 

C.6012 
C.5796 

C.6348 

C. 
C.3813E  C3 
C.7621C C3 
C.1144E C 4  
C.1578C C 4  
C.1916E  C4 
C.2305E  C4 

C . 3 0 7 3 E  C4 
C.2697E  C4 

C.3492E  C4 
C.3894E  C4 
C.4303E  C4 
C.47311:  C4 
0 .5143E C 4  
C.5558E  04 

C. t409E C4 
0.59781: C4 

C.7293E C 4  

C . e I 1 3 E   c 4  
C.7733E  C4 

C.e650E  C4 
C.SIO1E C 4  
0.9541C  04 

c . C a 5 o E  0 4  

C. 

C.G552 
C.0276 

C. L l C 6  
C.1384 
C. I 6 6 4  
0 .1944 
C.2226 
C.2510 
C.2796 
0.3C85 
C.3376 
0.3670 
C . 3 9 t 8  
0 . 4 2 t 9  
0.4575 
C.4885 
C.52Cl 
0.5522 
C.5e50 
C.6184 
C.6527 
0.6877 

c . o e 2 9  

C. 

C.082 
C.041 

C.124 
C.165 
C.2C7 
C.25C 
C.292 
c. 3 3 t  
0 .37s  
0.424 
C.469 
C.516 
C.562 
C.6Ct 

C. 704 
C.655 

c. 754 
C.8C5 

C.91C 
C.856 

C.963 
1.017 
1.07C 

c .  c o o 2  

o . c o o 2  
0. c o o 2  

c . c o o 1  
c . c c o 1  
0. c o o 0  

-C.COOl 
- 0 . O O O G  

- c . ccoz  
-0. COO4 
-0.COO6 
-0.coo7 
-c .  c o c 9  
- 0 . C O l l  
-0.0012 
-C.C015 
-c .  c o l a  
-0 .co22 
-0.CO25 
- 0 . c o 2 2  

-0. CO32 
-C.C028 

-0.c03n 
-0.CO44 

- 0 . 0 4 0 0  
- 0 . 0 3 8 6  
-0.0344 
-0.0275 
-c .o177 
- 0 . 0 0 5 0  

0 . 0 1 0 7  
0.02Y5 
0.0516 
0 . 0 7 7 0  
O. IC59 

C.1750 
0 . 2 1 5 6  
0 . 2 6 0 6  
0.3101 
C .  3 6 4 s  
0 . 4 2 4 0  
0.48d9 
0.5515 
C.6361 
0. 7192 
0.8OYC 
0.7C58 

0.1385 

0. 
0 . 0 5 5 2  
O . l l C 4  
0. 1656 
0.22C8 
0 . 2 7 6 0  
0.3312 

0.4416 

0.5520 
0 .6072 

0.7176 
0 .6624 

0. 7728 
0.H2CC 
0.11832 
0. '3384 
0. Y Y  36 

1.  I C 4 0  
1.04C8 

1.2145 
I .  1592 

I .26S7 

0 . 3 ~ 6 4  

0.4968 

r T FIELI:  C A T A  SONIC L I k E  
" 

" 

- 

P P S I  X B  X P  

C.ZICS 
c . 2 1 3 9  
0 .2102 
C.2Ch5 

c . 1 5 9 1  
C.2C2E 

0 .1954 
0. I 5 1  7 
0 . 1 8 8 1  

0. I 8 0 7  
0 . 1 7 7 1  
0 .1734 

c. l e 4 4  

Y P  

c.t.44 
C.6282 
C.6312 
C.t.341 

C.6397 
C.637C 

C.6428 
C. t457 
C.6486 
C.6515 
C. t544 
C.6573 
C.6601 

T V t  l A  

R A T  

C.9C38 
C.8S77 
C.8946 

U.RFC2 
C.8521 

C.8877 

0 .8e65 

c . n e a a  

c . 8 ~ ~ 7 0  

c .ee63 
c . 8 ~ 6 2  
C.8862 
0.8863 

~~ 

V 

F T l S t C  

0.9376E C4 
C.107CE C 5  
0 .1171E CS 

C.1377E  C5 
C.1273E  C5 

C . 1 4 8 4 F  C5 
C.1572E  C5 
C.17021:  C5 
C.1815E  C5 

0 .2047E 0 5  
C.19JOE  C5 

C.2167E  C5 
O.22d9E c 5  

P 

L E l S C  F T  

0 . 3 5 3 1 E  0 1  
0.3558E CI 
0.3584E  C1 
0 . 3 6 1 3 E   0 1  
O . 3 b 4 R i  C l  
0.36M8E C 1  
0 .3735E C 1  
C.37d9E 0 1  
C.3R51E 0 1  

0.4CC5E C 1  
G.39231 C I  

U . 4 i 1 2 E  0 1  
0 . 4 1 c t c  0 1  

-~ _" - 

KHO 

SLLt i lCU  FT ~- 
C.4999E-C7 
C.5103C-C7 
C.5196E-C7 
C.5302E-C7 
C.5427E-C7 
C.5572E-C7 
C.5740E-C7 
C.5936E-07 
C.6166E-C7 

C. t764E-C7 
C.t438E-C7 

C.  7165E-C7 
C. 7662E-C7 

1.C5C 
1 .206 
1 .326 
1.45 I 
1.581 
1 .716 

2.0C5 
1.857 

2 .161 
2.327 
2.5C5 
2.697 
2.Y06 

C .  

C.3050E-05 
C.1640E-05 

C.4621E-C5 
C.63t7E-C5 

C.1045E-04 
C.83C4E-C5 

C.1283E-04 
C.1547E-C4 
C. lA41E-04 
C.216aE-04 
C.2534E-C4 
C.2948E-C4 

-C.O125 
-0.0015 

0 .0109 
0 .0249 
C.0407 

0 .0777 
O.05A3 

0 . 0 9 8 4  
0.1198 

0 .1630 
0.1415 

C.1911 
0.1842 

0.2447 
0.2677 
0.2Y?5 
0.3223 
0 .3541 

0.4234 
0 .3881 

0.4585 
0.4924 

0 . 5 5 3 4  
0 . 5 2 4 1  

0.58C5 
0.5985 
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TABLE 11.- "GAS SOLUTIONS FOR AIR - CONCLUDED 

ALTITUOE = 300 .000  FT VELOCITY = 45.OCC FT/SEC 

~~ ~~~ ~" 

B C O Y  DATA I SHOCK SHAPE 

H 1 hT ERROR Y8 Y t l  I p  x0 

0. 

o .co10  
0.0002 

0.0022 
0.0039 
O.CCbO 
O.CO87 
0 . O l l Y  
0.C155 
0.0197 
0.0244 
0.0296 
0.0353 
0.0416 
0.0485 
0 .0559  
0.0638 
0.0724 
0.C816 
0.0914 
0 .1018  
0. 1129 
0.1247 
0.1373 
0.1505 

0 .1793  
0.1645 

0.1950 
0.2115 
0 .2290  

V 

FTISEC 

0. 
0.3346E 03  
0.6686E 0 3  
O . l O O 3 E  04 
0 . 1 3 3 9 E  04 
0.1677E C4 

0.2357E 04 
0.201bE 04 

0.2700E  04 
0 .3044E  04  
0.3390E  04 
0.3740E  04 
0.4093.5 04 
0.4450E  04 

0 .5185E  04  
0.4808E C4 

0.5907E 04 
0 . 5 5 4 6 E  0 4  

0.0271E  04  
0.6641E  04 

0.7405E 04 
0.7020E  04 

0.7791E C4 
O.8181E  04 
0.8576E 04 
O.8977E 04 
0.9382E 04 
0.9791E 04 
0.1020E  05 
O.lO62E  05 

P H I  

R A E  

0. 
0.0220 
0.0439 
0.0659 
0.0880 
0.1100 

0.1544 
0.1322 

0.1766 
0.1990 
0.2214 
0 .2440  
0.2667 
0.2896 
0.3126 
0.3357 

0.3827 
0.3591 

0.4Cb5 
0.4305 

0.4795 
0.4549 

0 .5044  
0.5297 

0.5814 
0.5554 

0.6079 
0.6349 
0.6624 
0.6904 

RHO 

S L U G I C U  FT 

0.8892E-07 

O.H873E-C7 
0.0849E-07 

o . t l t 187~-07  

[ L B I S P  FT 
~ ~ 

0.8157E 0 1  
0.8152E 01  
0.8137E 01 
0.8112E 0 1  

0. 
0.0220 
0.0439 

0. -0 .0002 
-0.coo2 
-0.0002 
-0.0002 
-0.000 1 
-0. coo  1 

0.0002 
0. G O O 0  

0.0004 
0.0003 

-O.OOO@ 
0.0002 

0.0000 
O.CO05 
O.CO13 

0.0036 
O.CO36 

O.CO34 
O.CO31 
0 .0025  
0 .0026  
O.CO27 
O.CO25 
0.0021 
0.0014 

0.COlb 
0.0014 

0.0016 
0.0017 
0.0016 

0. 
-0.0374 
-0.0383 

-0.0348 
-0.0303 
-0 .0241  
- C . O l b l  
-0 .0062 

0.0055 
0.0193 
0.0350 
0.0528 

0 .0949  
0.0727 

0.1194 
0 .1462  

0 .2076  
0.1756 

0 .2423  
0.27'49 
0.3204 
0.3641 
0 .4110  
C.4613 
0 .5152  
0.5729 

0.7000 
0.6344 

0.7699 
0.8442 
0 .9231  

0.033 
0.066 
0.099 

0.0439 
0.0879 

0.0659 
0.0879 
0.1098 

0.1537 
0.1318 

0.1977 
0.1757 

0.1318 
0.1757 
0.2196 

0.8815E-07 
0 .877 lE -07  

0.132 
0.165 
C .  199  
0.233 
0.267 

0.8077E 0 1  
0.8033C 0 1  
0.7978E 3 1  
0.7913E 0 1  
0.7838.5 0 1  

O . B ~ I ~ E - C ~  
0.8654E-07 
0.8580.5-07 
0.8498E-07 
0.8408E-07 

0.8196E-07 
O.tl308E-07 

0.8072E-07 
0.7937E-07 
0.7784E-07 

0.2636 
0.3075 
0.3514 
0.3953 
0.4393 

0.301 
0.335 

0.7754E 0 1  
0.7659E 0 1  

0 . 7 4 4 1 E   0 1  
0 . 7 5 5 5 E   0 1  

0.7317E 0 1  
0.71H4E 0 1  

0.6891E 0 1  
0.6731E 0 1  
0.6563E C 1  
0.6387E 0 1  
0.6204E 0 1  
0.6012E 0 1  
0 . 5 8 1 5 E   0 1  
0.5613E 0 1  
0.5404E 0 1  

0.4974E 0 1  
0 . 5 1 9 l E  0 1  

0.4754E 0 1  
0.4531E 0 1  

0 . 7 0 4 3 ~  0 1  

C.2196 

0.2636 
0.2416 

0.2855 
C.3075 

0.370 
0 .406  
0 .441  

0.515 
c .477  

0 .551  

C.625 
0 . 6 6 3  

0.741 
0.702 

C.781 
0.822 
0.864 
0.906 
c.949 
0 .993  
1.037 
1.083 

0.588 

0.4f l32 
0 .5271  
0 .5711  
0.6150 

0. 7028 
0 .6589  

0.1468 
0. 1907 
0 .8346  

0.9225 
O.fl785 

0 .9664  
1.0103 
1.0543 

C. 3295  
0.3514 0 .7636E-07  

0.7480E-07 0.3734 
c.3953 
0.4173 

0.4612 
0 .4393  

0.7316E-07 
0.7145E-07 
0.6962E-07 
0 .677 lE -07  
0.6575E-C7 C.4832 

0.5052 0.6373E-07 
0.6166E-07 0.5271 

0.5491 
0 .5711  
0.5930 
0.6150 
0. h369 

~. 

0.5950E-07 

0.5502E-07 
0.5728E-C7 

1.0982 
1.1421 
I .  1860 

1.2739 
1.2300 0.5272E-C7 

0.5041E-07 

F I E L D  C A T A  T ~ O N l C ~ l N E  __ -" 

V 

F T I S E C  

0.1176E C5 
O.1032E 0 5  

0.1290E 0 5  
0.1404F 0 5  
O.1525E  05 
0.1646E 0 5  
0 .1770E  05  
0.1896E  05 
0.2026E 0 5  
0.2158E 0 5  
0.2293E 0 5  
0 .2430E  05  
0.2571E  05 

X 8  Y H  M RHO 

S L I I G I C U  FT 

0.5205E-07 
0.5314E-07 
0.5415E-07 
0.5535E-07 
0.5673E-07 
0.5833E-C7 
0 .60 lRE-07  
0.6233E-07 
0.6483E-07 

0.7123E-07 
0.6776E-C7 

0.7533E-07 
0.8025E-07 

R A C  I LB ISO FT "_ 
0.6214  
0.h249 

0.9054 
0.9COO 
0 .8971  

0.8933 

0.8915 
0.8922 

0 .8910  
0.8907 

0.8949 

1.05C 
I . 203  

1.457 

1.732 
1.592 

2.033 
1 .e79 

1 . 3 2 ~  

0.2377 
0.26C5 
0.2863 
0. 3153 
0.3476 
0. 3824 
0.4187 
0 .4549  
0.4898 
0.5224 
0.5524 
0.5797 
0.5967 

0 .2165  
0 .2119  
0.2C84 

0.4466E 0 1  
0.4501E 0 1  
0 . 4 5 3 3 E   0 1  
0 .4572E 0 1  
0 . 4 6 1 7 E   0 1  
0 .4670E  01  

0.6277 
0.6305 
0.6333 

0.6388 
C - 6 3 6 1  0.1977 

0.1942 0.4731E 0 1  
0.4801E 0 1  
0.4883E 0 1  
0.4976E 0 1  
0.5084E 0 1  

0.1907 
0.1872 

0.1801 
0.1836 

0.1766 
0 .1731  

0.6416 
0.6444 
0.6471 
0.6499 
0.6526 
0.6554 

2.196 
2.368 
2.552 
2.748 
2.959 

0.8906 
0.8905 
0.8906 
0.8907 1 0.5352E 0 1  

O.5208E 0 1  
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